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PREFACE

This report was prepared by the Aerospace Systems D|vislon_ Aerospace Group
uf The Boeing Company, Seattle_ Washington 98124. The Boeing Company program
manager was Mr. Vladimir Deriugln, head of Heat Transfer and Thermal Protection
in the Structures Research & Development Organlzatlol.o

The program was initiated under NASA Contract NAS 9-7964, Analysis of
the Apollo Heat Shield Performance, issued through the National Aero"nautlcs and
Space Administration, Manned Spacecraft Center, Houston, Texas 77058. The
NASA technical monitors were Messrs. Don M. Curry and P_ul Murad of the
Thermal Technology Branch of the Structures and Mechanlcs Divlslon.

Results obtained during this study are published in two volumes: Volume I,
Analytical Methods; and Volume i1_ CHAD Computer Program. Boeing document
numbersassigned to these volumes are LD2-i14_3-] a_d -2, respectively.
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j} ANALYSISOFTHEAPOLLO

HEATSHIELDPERFORMANCE

By David W. Halstead, Richard S. Gaudette,

Eduardo P. del Casal, and Vladlmlr Deriugin

GENERAL INFORMATION

The one.-dlmenslonal CHAD (CHarring Ablation with Diff-_ion) computer pro-
groomdescrlbedln this document was developed from the ablation analysis portion
of the exlstlng Boeing CHAP* program. This was done in support of the analytical
investigation on the oblation performance of the Apollo vehicle ablation material
(AVCOAT 5026-39/HC-G). r

,'

The CHAD computer program was developed to include the following areas
of analysls:

1) Three reaction zones (vlrgin plastic pyrolysis, sillca-carbon reactions,
and carbon depos|tlon).

2) Temperature, composltlon, and pressure varlant thermal conductivity 'J
:_ and specific heat for the char and virgln plastic.1

,_ 3) Variable char densffy and variable char composition.

}' 4) Gas specific heat which can be varied with time and composition.

5) Internal pressure prof:_e deter'mlned and gas diffusion calculated.

,_ - 6) Erosion rats prediction by the shear recession correlation of reference 1.

:f

•_ The CHAD ablation model is given the boundary layer conditions as input
data. The surface heat balance includes surface sublimation and surface corrbus- 1

fion terms. The program is writte_ in Fortran IV. It is machlne independent "
: and_ as much as possible, system independent. _

• The CHAP program is a combination convectlve, heating and ablation analysi's
_: program. The ablation analysis porfion'is commonly called the CHARM pro-
_;, ,, gram. Reference 2 describes the CHAP program, and reference 3 clescrlbes

the initial CHARM program.,t

't

i
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Purpose

The purposeof the CHAD computerprogramis to predict the pert'o_manceof
charring ablators with more confidence. It providesan ablation analysis :,f mor_
sophisticationthan previousprogramsby ,nclud_ngmultiple |ntemaJ reactiuns c_nd
internal diffusion. Surface recessioni_ determinedand profiles of temperature,
densities, gas flow rate, internal' pressure,and gas concentrationsare calculated.

Assumptions

A numberof assumptionsare macleto simplify the programmodel. A brief
llst follows: _,

1) Virgin material is consideredto .be o combination of char material and
• adecomposablematerial. The char material is conslcler,.dto be silica

and carbon.

2) Internal radiation may be accounted for in the thermal conductivity

term.
3) The thermalconductlvlty of the ablation material is a linear combin-

ation of the thermal conductivlty of the char material and of the
decomposablematerial.

4) The thermal capacity of the ablation material is a linear comblnatio,t
of the thermal capoclty of the char and of the decomposablematerial.

5) Thermal expansionor contraction is n_egiected.

6) The massflow rate of the gas equalsthe amount-formedor useduo;
tho_ is, there iS no capdclty term in the gasflow equation.

. 7) The gas is in therrlal equi_ibrlumwith the solid. _ l

8) There is no sep_rately_onsideredgas thermal conduction.
_J

Theflnlte-dlfference equations, which approximate the mathematical model,
use the followlng assumptions:

1) The temperatureof a nodal InterFacerepresentsOnetemperetur.,of
• the adjacent half-nodes. _

i
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2) Each half-node may be represented by a single density.

3) The thermal conductivity at the midpoint between nodal interfaces
is a function of the average temperature and density of the two
adjacent half-nodes.

Li mltafions

Limitations of the CHAD computer program a,'e:

1) The maximum numberof materlal_ for one problem is 10.

2) The maximum number of nodes is 100 and the minimum is 2.

3) Char thermal properties and density are the same for all' materials, i

4) The maximum number of major nodes* in the pyrolysis reaction zone
is 16. The program, as it operates, will not allow more nodesto
be included in the pyrolysis reaction zone. It wlil wait until a

D node is dropped by near exhaustion (85%) of decomposable materlaib_ore picking up a deeper node for the reaction zone.

There is some limitation inherent in the problems input to the program.
Very high surface rec:sslon can cause the problem solution to become unstable.
A rapidly oscillating heating rate to the ablation surface can result in an unstable
problem solutlon_ In each case above, the problem solutionsrequire small time-
step,,for calculation resulting in excessiveuse of computer Hme and, in some
cases, a computer error stop would result.

PROCEDURE

The following sectionsdealwith the mathematicalmodel used in the CHAD
computer program. The governingecluaflomand procedureof solution are clls-
cussed. All quantlties.are in consistent f.p.s, units, unlessotherwise noted in
the text. Most symbols are defined both in the nomenclature_and in the imrned'
ia_e e.ontext of their Use.

,llLI I , ; ,,, I,

* Major nodesare the nodesas input. They are quarteredby the progmm for

D the pyrolysls reaction zone.

" 3
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Namendature

A frequency factor; area

13" blowing parameter

cp ;pecific heat

Ci concentratlon of specles

Ci source (or sink) oF species i

D binary dlffuslvity

fdep weight fraction oF pyrolysis gas which is deposlted as solid carbon

g¢ gravitatlonal constant

H heat transfer coefficlent

HT heat cA: decomposition at temperature T

k thermal conductivity; spec|flc reaction ra:'e

K diffusion reductlor_ parameter, eq. (29) _

Keq equ;I ;brium constant
massflux

M molecular welght

n orcier of reaction

P pressure

cl heat flux

Q total heat flux

r radius; reaction rate

R gas comtant

surface recession rate

t time

T temperature

v velocity in-y-dlrection

w massfraction

4 . i

i
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I y distance

7_ compressibil it,,, factor

r_ absorptivity

|" permeability

_misslvity

•r] >,/S

_, viscosity

porosity

p density

a Stefan_Bol tzmann constant

T torfuosity

blocking efficiency

mass fraction

D
Subscripts and Indexes:

a average quantity

ac of active (decomposable) material

air of air :_

,- char of char formed after v;rgin plastic pyrolysis i

cony convective

C carbon

CH4 methane
comb combustion

d decomposable "_

D diffusion regime

dep of deposition of carbon

ea equil ibrium i_

•.. f of fluid I

g of gases
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gp gas phase

H of hydrogen

i specie_ index

i time-step index

k see eq. /,_

m of porous matrix

o initial va',ue

0 2 oF oxygen

p at constant pressure

p, pyr of pyrolysls .aas

r reactant

R reactlon regime

s of ;ol;d; at surface

SIO of silicon monoxlde

sub subllmatlon total "

trans translt]on regime

T temperature

_ v of vold

: VP vlrgln plastic

x in x-dhectlon

1 v_scous

2 inertial

Qo freestream or unsaturated condition

+ on positive side of interface

- on negatlve s_de of _nterface

Superscripts:

tlme der_va+ive

-- average quantity

-,.- vector q_antity

'_ * reference quantity

_". / corrected value 0

, 6
;!- :
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Mathematical Model

The mathematical model represents a simplified physical model that will be
described briefly. The virgin ablation material is considered a porous char filled
with decomposable materiol. When the decomposable material is heated, it decom-
poses to form a gaseous product. Eventually only the char remains. The gas flows
freely toward the heated surface. Within the char, the gaseous hydrocarbom can
undergo a deposition reaction which results in carbon depositing in the char and
hydrogen gas being Formed. The char is assumed _o be a conbination of carbon
and ._qica. The carbon and silica may react to fGrm gaseous SIO (slllcon monoxide)
and CO (carbon monoxide/. The char at the surface rr.ay sublime, burn, and erode
which results in surface recession. Thermal expansion and contraction are neglected.

Main Governing Equations

Equation of continui_ for the fluid.- The simplified equation assumesthat
the change in mas._flux of the gas equals the change in solid density; that is,
there is no capacity term in the gas flow.

_y - #s (I)

Energy equation for the solid.- The thermal conductivity of the solid includes
the radiative component. Gaseous conduction is neglected.

--_t s '_ (_r_',i.l,- Oy (ks_ (2)

For use in the CHAD program, this equation i_ reca_,t as follows:

- _ _) - c rh _T _Pl) (3)
gT

Ps Cp,s gt _y (k. _y p,g g _yy + _ (HT,; _t

where HT = heat of reaction at temperature T,

r_ = gas flux,
g

and P I = density of reactant i.
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Diffusion equation.- To determine the concentrations of different gases with- _.
in the ablation material, the following equation is used:

0C.

_y (c. ,- - D. _. (4_

Convection - Diffusion = Source

where C. = concentration of species i, mass per unit void volume,I

C. = source (or sink) of species i,I

D. = binary diffusity, used as an approximation of diffusivity
in ihe multlcomponent mixture,

and v = velocity in y-dlrection

Pressure distributlon.- The following modifled Darcy equation is used for the
pressure distribution in the porous media:

2
al> + /.iv + .pv - o (5)
ay rl r2

where r 1 = viscous permeability

and F2 = inertial permeability.

Efluations for thermal and flow properties°- The virgin plastic ablation
material undergoes pyrolysis upon being sufficiently heated and eventually reduces
to an irreducible char. The properties of the partially decomposed material are
considered to vary between those of the virgin material and those of the char.
The mathematical model used treats the virgin material as a combination of active
(decomposable) material and irreducible char.

Heat capaclty of the solid.- The heat capacity of the solid (Ps CP,s term)
is solved in terms of the vlrg|n plastic and char progerties for the pyrolys,s re-
action zone and beyond. The specific heats are considered to be a funcF,on of
temperature and are determined by tke following cubic equations:

_: = T2 1.3
p, VP EVp + FVp T + GVp + HVp (6a)

c + T + T2 T3 (6b)p, char = Echar Fchar Gchar + Hchar

The cubic coefficients are part of the input data,

8
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In the pyrolysis reaction zoner the char density is held constant. The fol-
lowing equation is usedfor the heat capacity:

ps c = [( c (Pchar c char)] Pacp,s PVP p,VP) - P' PVP - Phar + Pchar Cp,char (7)

where Pac is the density of the active n_|erial_ and vcries between

0 _<Fac .<.<(PvP - Pchar)

The magnitudeof Pac dependson the extent of a,_composihonin the region being
considered. It is zero when the material is completely decomposedand is

' (/'VP-Pchar) when decompositionhas not yet been inlt;_'ed.

Beyondthe pyrolysisreaction zone in the direction c,c tl_. ablation surface,
the char clens'_tyvaries because of the char depositionand silica-carbon reactions.

The heat capacity of the char in thi_ region is determinedasPcharc using
ihe c found from the cubic equation for the char. p, char

p, char

Thermal conductivity of the solld.- The thermal conductivities of the virgin

t plastic and of the char are consideredto be functions primarily of temperatureand
are determ:ned by the following cubic equations:

= T2 T3 ('8a)
kvp AVp _ B,,zDT + CVp + DVp

= Achar �BcharT+ CcharT2 + DcharT3 (8b)kchar

The cubic coefficients are part of the input data. The following correction is
applied to the caicl:lated virgin conductivity to take into account the effect of
pressure.

kVP = 622 + 2.164

In the pyrolysisreaction zone_ the thermal conductivity dependson the
extent of the decompositionof the virgin material.

= " . + (10)
kt°t (kvp kchar) PVP Pchar kchar

!.:
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Beyond the pyrolysis reGctlon zone in the direction toward the ablatic'n sur- _ )

face, the char conductivity may at times be considered a function of density as
well as of temperature. (The present documented version of the program is not
uslng any ver_atlon of char thermal conductivity wHh density.) Equation (10) is
sHII used, if any decomposable.materlal remains.

Specific heat of the gas.- The specific i_e_t of the gas |s considered to be
a function of temperature only. It is determined by a cubic equation whose cubic
coefficients are included in the input data.

c = A + B T + C T2 + D T3 (11)
P,g g g g g

Viscosity of the gas.- The viscosi_/ of the gas is determined from the follow-
ing relation:

(12)

Where /4* is the viscosity a_ the reference temperature T*.

. Molecular weight of the gas.- The average molecular weight of the total

gas is found by the following: :-"_

•-_ M = g (13)

",i.

f Porosity of the solid.- The porosity of the virgin plastic or of the material
in the pyrolysis reaction zone is found by

Ps
,l _ = 1 - p-_ (14)

.. where _ = porosity

' and p*= theoretical maximum density of the virgin mater:al.

'The porosity of the char is found from

PSI02 PC (15)
,, _char = 1 PSi02, -

Pc-"

i * = them'etlcal maximum density of silicawhere Psio2
¢e

_ and PC = theoretical maximum density of carbon. "

10

I
i

1969015273-016



"% ::

__ JIa •
_;_,_ Permeab_,_hesof the solid.- The viscousand inertial permeab!lltles are
_,. given by the following relationships

I"I -- 11 -_ i - _ I + .016 P" (161

',:..:. where F1 = v_scouspermeability,

b:_=:_i. l'1" -- viscous permeability at the reference porosity,

: and _* = reference porosity. :

F2 = F2 I (17)I

where r 2 = inertial permeability,

|'/ = inertial permeability at the reference porosity,

and _* -- reference porosity.

|
D_ffusivities of the gases.- The diffuslvity for hydrogen through the other

_. gase_in ft2/sec is found by

.0551 T3/2

* OH2 (30 4812 P_ (181• ,

where

,. The dlffuslvlty for each of the other gasesthrough the remaining gas is found by

.0308T3/2

00 2 (30.48)2 p_ (20) ,
where

Velocity of the gas.- The veloc';+vof the gas is determinedby

rh
V

v - (22)

Pg,v p_

m withthegas density,basedon voidvolume,definedr,s Pg,v = _ (23) ]

!

" )
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where rfl = gas mass flux per void area,
V

M = average molecular weight of the gas,

P = pressure,

R = gas constant,

T = temperature,

and p = gas density based on void volume
gtv

Reaction ecluations_- There are three different types of in-depth reactions in
the ablating mate_;a_ which are provided for in the CHAD program. They are the
virgin material decomposition reaction, the carbon deposffjon reaction, and the
sfl ;ca-carbon reaction.

Virgin material decon_os;t;o.n reaction.- The ablation rate oF the virgin plas-
tic is assumed to follow an Arrhenlus rate Jaw. The ablation rate is

_3

[ tao ]nkgt - - _ Ak PVP LPvP" Poho_ e (24)
k=l d_'_, ,:

The Arrhenlus equation is present in this form since it readily uses the constants
available in the literature and since ;t behaves in a manner compatible with the ":
ablation model. A series of two reaction term,_ is used to represent the decompo-
sition of the active material.

Carbon deposition react;on.- The carbon deposition reaction usesa Langmuir-
Hinshei_ood model. It is

- z + . p 2 y2z}
14PH2Y+[(PH22/l_eq, d_P' PCH4I 4PcH4PH2YZ 4PcH4 H2

rhC'dep=" 11"x [i - PH2Y+ PCH4z -2PcH4PH2YZ] 2 (25)

For more details on this equotion, including values of the constants, see Volume 1,
page 23, of this report. '

i

-i
Sillca-carbon reaction.- An Arrhen;us type equation is used for the reaction

of silica and carbon. - .;

%°2: ,

I
i

1969015273-018



where, rflsi02 = Ib_,mSi09_ reacted per ft3-sec

PSIO2 = density of silica per total volume,

and PSI02, o = initial density,of silica

The reaction constantsare part of the input data. i

Surface.recess!on equatlons.- Surface recessionresults from surface subllma- -_
tion and combustionand from surface erosion. The combination of these processes

gives the total su_ace recession• : i

Surface combustlon.-The combustion is either reaction-controlled, diffusion-

_, controlled, or a combination of these.

Reactionregime._. For the reaction regime (low surface temperatures), the 1
• combustion rate is determined using an _nhenlus type i;elationshlpwhich is

• ro.21_ Pin -B/T1 mc°mb'R = A L2116"ff e (27)

For carbon, the constantsin this equation are shown in reference 4 to be

4.473 x 104 < A < 6.729 x 108

_' 3.8315 x 104 < B < 3.9855 x 104

_ 0 <n<l

"; Generally the reaction order n is taken to be 1/2. _

t-
• Diffusion reglme.- For moderatesurface temperatures, the diffusion regime

is the controlling regime. The diffuslon controlled combustion rate is (reference 5)

rflcomb,D = B*_H (28)

The_constantb*, called the,blowlng parameter, is shownin reference 5 for car-
,;bon to be

.}_

B-* = 0 1737"., j •

_¢,

, 13 ,
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The blowing parameter B* is usually determined for a reaction between oxygen and _
a sk_gle s_rface material. Reference 6, _,owever, performs a simplified analysis
showing the effects of the ablation gases competing with the surface material for
the oxygen in the boundary layer. After a slight modification, the results of the
analysis ore

• - B*_H - K f_ /oo_
mcomb,D g _""

where K is a material property herein called the dhCfusionreduction parameter.
This equation indicates that the combustion rate is reduced due to the oxygen in
the boundary layer reacting in part with the ablation gases rather than entirely
with the surface.

Transition reglme.- The transition regime consists of the gradual transition
from.the reaction regime to the diffusion regime. The ablation rate is shown in
reference 7 to be

2

I I . + " , l .• (, ,,o ,,omchar,comb =(' "_)mcomb,R _n_comb,D ) (30)

= where n is the reaction order. The above equation is used to define the surface
combustionrate for all regimes. The i_eat flux to the surface is increasedby the
amountof surface combustion,which is a:sumedto be

Clchar,comb -- rflchar,comb ftchar, comb (3_)
j,

Surface char sublimation.-At high temperatures the char beglm subliming.
Reference 7, which analyzes carbon, shows the sublimation rate to be

.j.

mchar,sub A rhcomb' O e
J

where, for" the subiimatlon of carbon, the constantsare r

A = 1.6 x 107

B _= 1.11 x 105°R

C = 0.67

I0
i

1969015273-020



_ As the char surface sublimes, the heat flux to the surface is reduced by the heut '
absorbed in char sublimation which is assumed to be

clchar, sub -- rflchar, sub Hchar, sub (33)

S,_,rf_cp.eroslon.- A shear removal correlation for the surface recession of the

Apollo ablation materlal was developed in a previous NASA contract. For ease
of analyticaG input thls correlation is divided into three straight lines for use in
the CHAD progrr_m(see Volume 1, page 35t, and the amount of material lost by

shear removal is included in the surface recession calculated. !

Ablation surface heating.- The heat flux to the surface is the sum of a

number of indlvldual fluxes _

qtot = CJmisc -Ctra d + qcomb,g -qC, sub + 4comb, s -_Ciconv (34) .

_ where _ttot = total flux, |

C/mist --- unblocked beating to surface,

_trad = heat reradlated by ablatlon surface,

_lcomb,gP = gas phase combustion,

_lC,sub = carbon sublimation,
" - surface combustion,

_ qcomb,s _

_ _ = b_ocking factor,

_ and _lconv = unblocked_ convective heating.

_- Procedure of Solution '

The calculation of temperatures is the backbone of the solullo_n. The slze
;_ of the time step and the decision On whether or not to) reiterate at a g_ven tlme

_ step is controlled 10ythe amount of deviation between esHmated _nd calculated

temperatures. : ,

_ The one-dlmenslonal heat equatlon is solved by the impllclt Crank-Nicolson :__,
finite difference method (reference 8). The mQterlal propert|es which are func- _ __

_: tlons cf a number of variables, particularly temperature, 'are determlned at a
;_ temperature which is an average of the 01d-calculated and the new-_stlmated tem-
'_ peratures. The variables other than temperature are largely_ decoupled from each

_ other. _

W
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in the Crank-Nicolson finite difference procedure, a matrix equation of the
form A 3_'= d results wke._e A is a trldiagonal matrix. The set of simultaneous

equations is reduced by Gauss elimination.

The order of solution is briefly:

_i,_ ,mama, gus pres_u_e-_c,_ .-.I,.+,1,,+o,_from the mod|f|ed _c,rm of Darcy's
equation.

,+

(2) The gas compon.-.nt concentrations are separate!y determined by an implicit
finlte-dlfference solutlcn Of the diffusion eqaatlon.

(3) Temperatures and decomposable densities are estimated for the end of the

time step /i + 1). , .

2_ -1" * J 'c

(4) Surface recession is determined. This establishes the position of moving _ .
nodes at tim-'_ (j + 1/2) and (j + 1). _ _ i

+, . +

(-5) Decomposable densities are calculated via an Arrhenius type _.quatlon. _
Pyrolysis gas ,ate and l_yrolysis reaction heat are found for each _node. _

(6) Similarly, the silica-carbon and "-he.carbon deposition react_,c.,s are eal-. _":_ i
cutated to determine the silica _nd carbon densities, the sources of silicon "-" ::

_ monoxide and carbon monoxide, and the sink l'or ['!rolysis gas. '
+,

(7) Thermal conductivi_ nnd thermal cc+,pacityare deter_ ined.

(8) The elements of'the tr_dlaganal matrix fer the temperature determinations ' _ L
_r are calculated and are reduced by Gauss el'_minc_tion. +

(9) The frontablat|on surface heat balance is calculated.

i 'i , ' -+

_ (10) Temperatures are calculated from the front to the back.- : i' ':. ,
J

"_ (11) If the temperatures estimated agree (within the error crltedonl with those
calculated, thetlme step is .complete. O_herwisb. the pr+oces_from +
step 3 through step 10 is repeated. If the process _+ nat succeed it1 3 _
attempt, the time step is reduced |n size. *

• iSCUSSON --- RESULTS-AND : , ; + -• , + , j
+" i'

The accuracy of the program is difficUlt to verify when |t is run wlth'all- i
| , <

possible complexities, suc_ as reactions, surface recession, and variable .thermal + -
and flow properties. . -

I
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l Tile basic one-dimensional solid therrr_l conductivity model within the program
has been verified to give excellent agreement with analytical results determined
independently For the following cases:

1 Finite slab, constant properties, uniform initial temperature, insulated
at _he rear surface, constant heat flux at the front surface.

2. Finite slab, cunstont properties, uniform in_tlal temperature, insulated
at the rear surface, constant temperature at the front surface.

3. Semi-infinlte slab, constant properties, variable initial temperature,
con:rant temFeratures at bo_'h surfaces, one surface which is moving
with a constant velocity.

The other parts of the program - those sections where surface recession rates,
gas component concentrations, internal and surface reaction rates, and interna!

gas pressures and velocities are oetermlned - were checked separately by compar-
ing their results wlth expected results.

CONCLUSIONS AND RECOMMENDATIONS

|
The CHAD program is based upon the CHAP program which has been used

successfully for nearly three years. The CHAD program which has been developed
from it through modification is a very versatile tool for the examination of new
parameters not previously open to examination, such as the effect of permeability,
diffusivity, char-denslty changes, char-deposltlon reaction, and ihe sillca-carbon
reaction. It w'll find its greatest initial use in the investigation of these para-
meters.

Because the contract for which CHAD was developed was a study of the

• Apollo h at shield perfc,.mance, the program is rather specific to this material.
In addition, because it is a modification of a more general program land was
kept compatible with that program (CHAP), so that it might be used as a part of

it1 _t contains many partc from CHAP which are not needed in the present CHAD
program.

In its present form, CHAD can be considered as a good basis for a more _,
generalized ablation performance prediction program. ._J

I

/.
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INPUT-O UTPIJI

Input

All user supplied input is via punched cards. There are two types of data
cards provided to the program. One type is the sto_dord c_to car_; the other
;ype is a set of block data sub:outlne cards. The standard data cords ore in the
order: TITL.E, TABLES, MATERIALS, and INITIAL TEMPERATURE.

Standard data card input, TITLE.- The first data card is the Htle card, and
all information in columns 1-72 on this card is printed out on the run output.

Standard data card _nput, TABLES.- There must be four tables provided.
Either table 3-1 or table 3-2 is input, not both. The independent varlable in
all cases is time. The tables must be in the order of increasing time except for
the last card. The last card, which is not actually a point of the table, has
time equal to zero to signal the end of the table. From the four tables, the low-
est maximum time is picked for the end problem time. Each of the tables can
hr've a maxlmum of 99 data points. The tables are listed below:

Tab!e Card no. Card type Format Columns Value

1. Max. calculation 1 Table .no. 110 1-10 1

_- tlme-step control
2 to n-1 Table points 2F10.0 1-10 Time, sec

L 11-20 Max. calcula-
tion tlme-step,
sec

n End F10.0 1-10 0

2. Print time-step 1 Table no. 110 1-10 2
control

2 to q-i Table points 2F10.0 1-10 Time, sec

11-20 Print tlr.'e-step,
sec

n End F10.0 1-10 0

: 3-1 Surface heat 1 Table no. 2110 1-10 3
_ flux
_:- 11-20 1

"
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C
Table Card no. Card type Format Columns Value

3-1 Surface heat 2 to n-1 Table points 4F10.0 1-10 Time, sec

flux {Concluded'} 11-20 Recovery en-
thai py Btu/lb m

21-30 Heat transfer

parameter,

Ibm/ft2-sec
31-40 Heat flux un-

affected by

blocki2_g,
fitu/ft -sec -.

n End F10.0 1-10 0

3-2 Surface temper- 1 Table no. 2!10 1-10 3
ature

11-20 2

2 to ,-.-1 Table points 2F10.0 1-10 Time, sec

l 11-20 Temperature,OR

n End F10.0 1-10 0

4. Local static pres- 1 -Table no. 110 1-10 4
sure and flow
condition

2 to n-1 Table poln_ 4FIO.G 1-10 Time, sec

11-20 Local static

pressure, Ibf,/ft ?

21-30 1. for laminar or
2. for turbulent

31-40 Local shear ^

stress, _bf/in x
n End FIO.O 1-10 0

The maximum calcu_atlon tlme-step control table is used to set the maximum
time-step that the program may use in the calculation. The print t|me-step con-
trol table sets the times for print. The following table will illustrate.

Q
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Time Print Time Step "

0. 3.

10. 50.

100. 300.

i000. 300.

The times that would be printed are 0., 3., 6., 9.; 10., 60., 100., 400., I000.
Table 3-1, the surface heat flux table, provides the data for a heat flux drive
to the ablation surface while Table 3-2, the surface temperature t_ble, provides
a temperaturedrive for the ablation surface. Table 4, the local static pressure
and flow condition table needsno added explanation.

Standarddata card input, MATERIALSand INITIAL TEMPERATURE.-The
material widths and noding are input by cards in the format shownbelow. They
are ended by a final card with a zero for the material number.

Card no. Card type Format Columns Value

1 to n-1 Material 110 1-10 Material numbe_ -
!

2A6 11-22 Material name

F10.4 31-40 Material wlc._.h, in.

!10 41-50 Number of nodes

J n End F10.0 1-10 0

Materials are numberedfrom 1 to 10. The material numbermust correspondto
the proper material data in the block da._asubroutine. In the supplied block data
subroutine Material 1 is AVCOAT 5026-39/HC-G and Material 2 is aluminum

* (2024T3). The order of the material cards mustbe from back surface to front
ablation surface.

The final data card is the initial temperature card:

Card type Format Columns Value

Initial temperature F10.4 1-10 Initial temperature
for all nodes

Block data input.- Material properties, re_lctlon constants,erosion constants,
nodal spaclng, and initial temperaturesare introducedas data via a block data

subroutine,BLKD/D2. See page 99 for a Iistlng of the block data programfrom the (_)samole cases. All cardsabove the secondDATA statement card are always required

20
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without change as is the final END card. Dat: _s introduced by the DATA state-

:_,'_ ment cards which have the following format:

DATA list/d 1 d2, d /, list/d1, d2, k*d3, ,din/,' .... ' n ........

where

1. llst ¢ontolns the names of the variables being defined,

2. d's are the values corresponding to the variables in llst,

and 3. k is an integer constant which indicates the number of times
_ the value is repeatecL

•._- (Block data subroutines and DATA statements are a standard part of
_ FORTRAN IV)

The required OATA statements fall into the following groups:

" Material 1 data

_ Material 2 data
_..

e Material J data (J = 1 to 101 i
ii I Char ck_a

_i- Gas data
-_;_ Internal flow and dlffus_on constants

Miscellaneous data

Each group will be separately considered and described. A sign A. is used to¢.

mark the required data values.

_ Material J Data

_" 4LACTENV (I,J), I = ], n n = 1 to 2 Activation temperature (°R/

_ A EFCOLV (I, JI, I = 1, Coll|slon frequency (1/sec/ |
_° AREORDV (I,J), I = 1, Reaction order

The above reaction constants are for the pyrolysis reaction of the decompos-
able material. Up to 2 simultaneous reactions may be used to describe the pyro-
lysls reaction, in which case n = 2, see equation (24).

A HOFM (J_ Heat of pyrolys_s at 536.67 OR (Btu/Ib m)

" ACOEFT (i,J), I : 1,4 Cubic coefficients for virgin specific heat equatlon

O ACONST (I,J), I : 1,4 Cubic coefficients for virgin corlductiv|ty equation l

21
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-4.

f

The conductivity and specific heat of the virgin material are inserted as a function ....
of temperature in the form of cubic equations. The equations are represented as

k = A + BT + CT 2 + DT3

c = E + FT + GT2 + HT3
P

where

COEFT (1, J) = A = Constant term (Btu-.in/ft2-sec-°R)

COEFT (2, J) = B = Linear term

COEFT (3, J) = C = Square term

COEFT (4, J) = D = Cubic term

a_qd

CONST (1, J) = E = Constant term (Btu/'lbm-°RI

CGNST (2, J) = F = Linear term

CONST (3, J) = G = Square term

CONST (4, J) :- H = Cubic term •

• £MIS (J) Virgin emissivity

• ABSORE (J) Virgin absorptlvity

• RHOV (J) Virgin density (Ibm/ft31

• SLOPE (J) Transpiration factor for ablatlon gases. This value is the
-'- value for laminar flow

_ Material data is listed for each separate material.

Char Data

• ACTENC Activation temperature (OR)

• • EFCOLC Collision frequency (1/secl

• REORDC Reaction order

• HCOM Heat of combustion (Btu/Ib m)

; These react|on constants are for the surface combustlon reaction

_' • ACTENS Actlvation temperature (°R)

i_' • EFCOLS Collis|on frequency (I/secl

i
J

_ 22 I
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_ A REORDS Reaction order

A HSUB Heat of sublimation (Btu/Ib m)

These reaction constants are for surface sublimation.

& CCPC (I), I = 1,4 Cubic coefficients for char specific heat equation

• CKC (I), I = 1,4 Cubic coefficients for char conductivity equation

• EMISC Char emiss'.'vity

• ABSC Char absorptivity

• RHOC Char density after pyrolysis and before char deposition

sillca-carbon reaction (Ibm/ft31
or

• TRCHAR Transplrat_on factor for the char combustion and char
sublimatlon gases

• CHARRO The carbon density in the char formed by pyrolysis

(IbJft3)

Gas Data

'* CCPG (I), _ -- 1,4 Cubic coefflci,'_ts for gas heat capacity (Btu/Ibm-°Rfor the constant term/

• HCOMG Heat of combustion for the gas phase at the surface

(Btu/Ibm!

Internal Flow and- Diffusion Constants
- !

/f? ,• CARTS Theoretical maximum denslty of carbon (Ib m I !

• RHOTS Theoretical maximum density of the char formed by '
pyrolysis and before char deposition of sillco--carbon 1

reactiOn (Ibm/ft3) l"3

SILTS Theoretical. maximum densffy of silica (Ibm/fr°)

• PORT Reference porosity for permeability calculation'--
equations (16_and (17)

• PERT1 Reference viscous permeability fc_ viscous permeability
ca_culatlon -- equation (161 (ft-/

• PERT2 Reference inertial permeablllty far inertial permeability
calculation -- equation (17) (ft)

• VISCO Reference viscosity in viscosity calculation -- equation

(12) (lbm/ft-sec)

W • VISCON Reference temperature for reference viscosity (°RI

23
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A DCOCM Carbon monoxide /

A DCODP Gases other hydrogen produced in
deposition reaction

• DCOH Hydrogen Theseare the con-
stants DC for the

• DCON Nitrogen ablating surface
cllffusicnwhere

• " DCOO " Oxygen D = DC_I_
• DCOPY ,,_ethane

• DCOSI Siqlcon monoxide

• ANMW Molecular weight of nitrogen

A AOMW Molecular weight of oxygen

• BMW Molecular weight of carbon monoxide

A DMW Molecular weight of deposition gas

A HMW Molecular weight of hydrogen ':

PMW ,_olecular weight of methane

A SMW Molecular weight of silicon monoxide /--.\

Miscella_neousConstants

: A BSTAR Blow|ng parameter

& DIFC(I), 1 = 1,4 Cubic coefficients for dlffus_onreductionparomete;
_ calculation -- equation (29/ ..'

l • QSI Heat of reaction for the sillca-carbon reaction(Btu/lb of reactants)
Ill

A QDEP Heat of reaction for the carbon deposition reaction
(BtuAb of carbon deposited)

A QBRN (Not in use) _

A AF Coil's|on frequency for silica-carbon reacff_n (1/sec) -
u

A BF Activation temperaturefor sillca-carbon reaction (OR) I

4k SILICA Inii'ial densityof s_licabefore the silica-carbon -
reaction begins!

_. A, REO React|on order of the sillca-carbon reaction

•_ 24 "
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CX(I), I = 1, 6 Values for the carbon deposition reaction (see

_, equation (25) on page 12 ). The relationship is
as tallows:

CX(1) = X ! PH2

CX(2) = Y for _< .02834 atm

cx (3) = z

cx(4) -- xCX(5) y for PH2 > .02834 atm
=

CX(6) = ZJ

_- Listing of Input

•_ :The listing of data card input is included with each sample case. The block
_ data i,,put used with these sample cases may be found as the first subroutine llst-
_: ing in the Program Listing section of this report.

_"" Output

_: The two sample cases maybe referred to as examples of output listing._rt_

_g" INSTRUCTIONSOPERATING _- ,-._-"-; _-
j _

g Deck Set6p -_
¢
'_" The deck setup tara run requires, in c_ddltion to the usual contro_ cards and

_ data card_, the inclusion of the block data subroutine. For the SRU,1108 com-
_.," puter With the program-tape, the deck setup will l_e as follows:

_!: [Initial Control Cards]
_ ASG A = (Program Tape No.I_._

_:- XQT CUR

_.: TRW A

IN A .,
rb
'_ TRI A
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4.

IBIock Data Subroutlnel : )

XQT MAIN

IData Cards1

Run Time and Amount of Output

A typical run time for an Apollo heating rate input is six minutes on the
SRU 1108 computer. Two or three pages of output are printed for each time point
requested in the data input.

• ! PROGRAMMING INFORMATION

"::'i Program Design -

, The original CHARM program was completely rewritten to make it a part of :
i__.-_ the CHAP program. This gave a combined program with both a complex ablcstlon

ii!ilili program and a sophlsticated convectlve heatlng routine. The CHAD computer pro- {_-_

i_ : gram described herein was developed from the ablation analysis part of CHAP by .
.... . deleting the convective heating routines and adding input' and 6utput routines..

t.o oa,cu,ot,on.,on,nt.°o, t..m,no,,on.
*i___ the ca!culations of gas concentrations by the dlf r .,on equation.

_.- The materials are dlvided into major nodes whlch are numbered
_ consecutively from 1 to n, n being the total number of major nodes. At _he abla-

tion surface and in the reglon where the vlrgln decomposition reaction is occurr!ng,
:_'= i a higher number of nodes i_ needed than elsewhere. The ma_or nodes are sub- _

_l divided in these regions into more nodes which are called minor nodes. The
_:: subdlvlded regions are called zones - the front zone and the reaction zone. The

_" ratio of minor nodes to major nodes is called the "nodal density" ....

Temperatures are estimated and calculated at nodal interfaces. When one

_' node is of one .material type and the next node is of another material type, the
! temperature at the nbdal interface in-between is applied only to the adjacent half-

nodes fat reaction calculations and decomposable density colculr#ions.

Movable node.- Only the front maiornode is a movable node. It is dlvided
into equal-size minor nodes. As the ablation surface recedes, these minor nodes '

_ • decrease equally in size. Corrections for thls nodal shift are made for values
invoJved.

• 0
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• .. 4,, _.., ,. _ .....

._ubscrlptlng and storage.- The major nodes are stored according to their
nodal numbers. The minor nodes are stored starting at 119 in the storage array
for zone 1 and at 187 for zone 2. The decomposable densities for the upper half-
nodes which are next to major nodal interfaces are the only ones necessary to cal-
culate or-store. They are stored starting at 205 in the storage arrays for densities.

Grouping.-The procedure of calculation has been set up on the basis of
groups of nodes. The nodes are dlviaed by the calculation control section into
groups of nodes whlch satisfy the following:

: 1. All the nodes of a group are either in no zone or the same zone. i

! 2. All the nodes of a group-are either non-movlng nodes or moving nodes.

, 3. No more than 40 minor or major nodes are allowed in a group. i• Problem types.- The original setup of CHAP provided for;three problem types:
1) nodes changTng at the surfaces but not inthe center; 2/ nodes changing only •
c_t the ablation surface, and 3) all nodes changing. The present CHAD program is

}_ fixed_at problem type 3. _.

Temperature calculation.- Temperatures are calc0iated by reducing the matrix
elements of nodal groups from the back surface to the ablatlon surface. The front
group _temperaturesare then found. If they deviate by more than set limits from

} predicted temperatures, the front group temperatures are again predicted and cal-
_ culated. All temperatures of other groups are calculated. If any calculated
_ _temperature deviates by more than the set limits from predicted temperatures, all
_ temperatures are again predicted, and temperatures of all groups are again calcu-
._ It, ted. If the third iteration has not resu:ted in calculated and predicted tempera-
"_ -. tures that are within the limits, the size of the time step is reduced. By this
_ procedure, problem stability is obtained while the time step is kept as large as _
_ possible.

_._ Node sh|ffing and combining.- The front major node is movable; that is, it
changes in size. "If the major node next to i_ is of the same material type, the

; two are combined v_henever the front major node reaches one-half the size of the
• origlnal node that was added to the front node.. If the two front nodes are of

different mater|als, the front node is allowed to decrease in size to zero. The -'
t|me step is controlled _o that the front node goes to zero just at th end Of the

_ time step. ._

_.
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Main Routine and Subroutine Description°

Purpose of each subroutln_.- MAIN is the main ro,'tine. It isa sho:t routine
which handles the inpu_ of the initial required data and the output of this initial
data, the control of the calculation time step, the control of the output of cal-
culated information, and the control of the ending time for the problem calcul,'fion.

t,;,eesubroutines which arp.Other thar, system or utility routines there are only '-
called from MAIN: WRITE and CHARM.

WRITE is the output _autlne for calculated data.

CHARM does the,calculatlon of the ablation analysis wlth thu help of a
_ _ large number of subroutines that it calls upon. ,

! All subroutines are now listed in alphabetical order They are_classifled as
- .CHARM, CHARM-4',I_me, WRIT or _Utilitysubrouthles. Subroutines called from

CHARM are class;lied as CHARM, subrouthles reached from a subroutine called

'_ :i from CHARM are classified as CHARM-4_ame, and subroutines used.by a-number
of subroutines are Classified as Utility. , i_

Subroutine Classi,_icatlon .Function ,. "- [-_

J

BLKD/D2 Utility ., Provides input.data to the program. It
" , is a Block Data subroutine

BLOCK _ CHARM Calculates the-blocking function

CHARM/S4 Cal.culates ablation analysis with help
" of many_subroutines _ .

COMBIN CHARM-FRONT Co,,-_ines 2 front major nodes int_ 1 , "
:-, k molar no_ .... _ -

CONDF CHARM Calculates thermal conducHvliy .

- CPBA CHARM - Calculates interrmi gas speC!flc hegt ,_ i.

DEPO CHARM Calculates tl_ ,rate of_ de,:,_itlon. _ _ -._
_ and the char_gein' solid carbon dens;_ -_ i

DIFUS • CHARM Calculates the _oncenffatlom of the .

gaseous components

I
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Subroutine Classlflcatlon Function

FLOWq Ci_ARM Calculates the internal pressures, internal
gas velocities and t},e dlffus_on coeffi-
cients for hydrogen and other gases

FONEV Utility Linearly _nterpolates the value of ,_x)
from a table given the _ndependent
variable x

FREC CHARM-RECEED Calculates a simple arithmetic function
for RECEE["

FRONT CHARM Determines whether to drop the fror.
major node, to combine it with the
one next to it, or to divide the major
node next to the front

GPCOM CHARM Calculates the heat to the ablating sur-
face from exterior gas phase combustion

C GRIN Utility Provldes the subscr!ptlng from arrays
needed for calculatlon

ITER8 CHARM-RECEED Finds a solution for x in the equation
x : f(x) _

IWR CHARM Calculates enthalpy glven the tempera-
ture and the r'.ompresslbillty factor

LLD Utility Determlnc,s the major no'_e number
given a minor node number _-

MOLWT CHARM Calculates the molecular welght of the
internal gas from the gas compenent con-
centrations

PCAPF CHARM Calculates the thermal capacity of a
node (or half-node)

#

PORO CHARM-FLOWS Calculates the parasites and permeabill-

ties of the sol_d and the viscosities of
the ;nternai gas

¢ I
!
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Subroutine CIass_fi carl on Function

RECEED CHARM Determines the material lost by carbon
combustion and carbon sublimation

RHOSB CHARM Determines the rate of virgin decomposl-
tlon and required accessory values

SHIFT1 CHARM Shifts storage of minor nodes and adds
CHARM-FRONT values to zone storage when a rr_._jor

node is subdivided

SHIFT 2 CHARM Shifts location of minor nodes _n zone

storage

SIC CHARM Calculates the rate of the sillca-carbon

reaction and the changes in silica and
carbon densities

SUBZ CHARM Cal culate_ the compresslbil|ty factor
given the temperature and pressure

TBSTEP Utility Finds the value of the step function
fCx) given the independent variable x

WRITE Outputs all desired calculated informa-
tion

Flow charts.- Most of the subroutines are relatively simple and have been
described in the prevlous section. A few subroutines are of sufficient complexity
to warrant flow charts for the program user. They are CHARM, COMBIN,
DIFUS, FRONT, and SHIFT1 and are presented here in that order.

3O
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Initialization of _a]ues and Bet up of front zone (_w]ivls_on I
of the front node into _ minor nodes I

Celculatton control section: set up of _ubseript Iimlts for{calculation groups I

[Calculation of nodal widths for minor nodeo at, front]

Will
3 ghe fa Icu_atlor,

(J+l) exceeding thf time for
re_urn to the main

priam ?

IC.i_u_.t, or of porositles, pelymeabilltleB, _ .C. FLOWS _: . tlme .tep an_ the _l.e -

viscosities, gas velocities, internal gas IReset of the ealculation

pressures, and d!f_sivltles _..; _dlcted temperatures and

'" I - ' [densltle_ Y

t

Caloulatlonoftheoo.oent,atlons(deo.ltles)oftheF ........{ D':_s3components of the internal gas

1 '
molecular weight, for each node ......

6

C
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CHARM (Cnn,lud,.d}

and predlcted t_]_peratures
exceeded?

|Determinatlon_s for new t_ime step [ IReduetlon in size nf ti,_ _ "I z

_ _ land reset predleLPd temper,,- I !IPredlctlon of temperature_ and densities for| [tures and densities

[next time step | |'
! !

_acem'en_t of various values 4_ntobasic nodal stora,e positlo_sJ k Go /

[New pred!ctlon of front surface temperatur via a "dam,per" procedurel V I

_time enr return_

_,_.o Lne KAIN /

coutine? i

Check front node and

I) combine it _:ith second node if it is _ original value and of same
material as second node, o_

__) delete it when its size reaches extlnction and it Is of different
material th_n second node

|Ch_ck dgcom_osltlon reaction zone and shift its l'ocation whenever' it is indicated]

Havean_y

_thqt front node

occu_d_ #"

33
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Plaee values of temperatures, deusit_es, dlstanees, et_.,

_Into 6tora6e arrays fv,r use in tnterl)olatloh. 011 the art

_nd pass, store the front m_.l._rnade.

& ,y-_ Are_he . _ 1
Different _ _node<the sa_.e or dlf__-_.( Same 1

Setthe_T indexto thesta_I
of the _one ltora_e, Set KHD_ | - _ ] Ji

to "nodal deaslty" of zone J I

t
_Place the proper values of temperatures, densities, i

fete.,- in the zone start location I

! IPle_.e remalnlnK va]ues of temperatures, densities, 1l__et.e.Linto zone location for the combined node1

L_ront node loeatlon
.i-

I In the case of different materlals fcr the two front nodes, t,he front

node il dro_ped because it is at extinction and the-second nodp is
p_.aced in the zon_ storaEe position.

>.

34
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_

[ Inltiaii_""

l
Calculate dlffusion drive f,_ctor '" s-_ e_. ]

iRepea%,untll all rods] int_rf_ _,

points are completed

_tore diffusion coefficient J

i '

[Reduce matrlx elements by Gauss ellmlnation j

I,,
[Calculate front concentration of the gas component ]

J alculate gas component conoentratlons at other ]nodal interfaces

Set all gas component conc,'ntration8 behind de-
composition reaction zone to gas component con-
_entr_tlon at the start of decomposition reac-
tion zune

-- - I

-- f
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I

A r,L_the

_'matertal

(N_T = NCtYr+ 2)

(> -.

_i Is "the _tart

, __ of t_e ]ast zone.t the%end of th_ _nuapre_

' _- t. ICON lndleator

.4, - _

lga_Ol._p7__n_9



FRONT (Cr_n_'l,zd,-!

Frnnt nodes _re o! _ / Prnnc llnfl_.'__r_ _f

same material _tfferpnt materI_i, front.

I node has r{-a_,hr,(]ext_n,.ttnn
JL
{i_ Like 4 except front nnde

_._.s not reached extLnetlon V

.C --T

. Sw! teh

, lh_ceorr!ing"_o _._ ,,

indicator

T
Zone start and ends, number of groups, last gr_ _p start

land ends are reset here according to path from ICOM
[ switch

Make the other necessary changes required by the com-bining or dropp!.ng of the front node

© .
37
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Is the zon4 to

be altered on the left

or _.. "'-ht".

i Store the shift value (number of maJorl IStore the shift value (number of major !

nodes to be added or deleted from the nodes to be added or deleted from the

zone) for SHIFT_ zone) for SHIFT2

I ,, I
[ " 1 I l8tore the group number of the group Store the group number of the group

to the left of the zone , to the, right of the zone

t 1
Change the slgnI of the shift ._.

_lue "_-_

At. nodes being _' ]

,RETURN . Find the "nodal density" of adjacent group +,
..... If it is in a z_ne

/I!

[ Set the number of minor nodes to be added_|

50 _ ko

ts,t "ee,,,,*7,u_,_r_pt,] [set nece,sar?,u_,crtpts]

1 { ' IInsert the right end values

"_ "=- _ ':'_ - -- for extended zon_

Z

38
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tCh

Is '_'n__it>" o£

'Add values to the zone by

i

picking them from the adJacenh I

groupI ! 70

Interpolate values from adjacent group
and add to the zone, p_,.._ed_ng_'rom

C._ rlght to left (high node number to low

node numb°-)

1 i
The sign of the shift value Is minus fop zone boundary I
movement to the left and positive :'orzone boundary L

t

movement to the ri_ht._ i'

2 The sign of the shift value at this point £ndlca_es_ _ _-
whether nodes are being added (+) or deleted (-). _r

S The adjacent _v: 18 _he group next to the zone side

which is bein'g added to. t
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Program nomenclature.- The nomenclature of all CHAD routines is included
in the following section. The listing indicates o subroutine only wken the quan-
tity is specific to that subroutine.

.j

i. -

z

_ -

2

I

," .2: •

_r L,
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" Program Math. Dim.
Symbol Symbol Units Subroutine Description

A A i BTU/sec-°R CHARM Coefficient of temperature

CTj, I)
A

A 7"(. None F_LOCK Term in equation for block-
A ing function.

A A. ft/'sec. DIFUS Coefficient of gas compon-
[

ent cop.c_entration

-I'i - 1

ITER8 Temporary value calculated
in this subroutine

,',BSL. c:_ c None Char absorptivity For ther-
mal radiation

ABSORP _ None Virgin absorptivity for ther-
v rna_ radiation

ABVAL _ None r_elative absolute error of

calculated temperature:

f_ _ calc Tcal c pred
T

'Fred

ABVALM - None Maxlmun, relative absolute
s, max

error for front group

ABVALS emax None Maximum relative absolute
error for all groups except
the Front group

_.CTENC A oF, RECEED _ctlvatlon temperature for
c char combustion

_,C_'ENS A OR RECEED Activation temperature for
s char sublimation

ACTENV A OR RHOSB Activation temperature for
v ,virgin decomposition

J

AERN C N Ibm/ft3vold Conce_ _ration of nitrogen
in gas phase

!

AERO C _ Ibm,/ff3void Concentration ef oxygen
3 _ _n gas phase

• , 41
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Program Math. Dim.
i I'*

Si mlool Symbol Uni t_ SuDrou,_ne DescrlpHo:1

AF B . I/sec SIC Collision frequency for
st silica-carbon reaction

AIRM M , Ib /mole Molecular weight of air
air m 128.96)

/ ,I °

ALLGAS CT Ib /ft void Concentration of total gas
m in the gas phase

J ft/sec DIFUS Gas velocity of node iALP v.
' at time i

ALPH vii,| ft/sec DIFUS Gas velocity of nodei-1 at tlme i

ALPHA v i ft/sec DIFUS Gas velocity of node
i+1 i+! at time i

ALPHA v. i Ft/sec FLOWS Temporary storage for gas
: velocity

ANMW M N ib /mo_e Molecular weight ofm nitrogen

AOMW Mg 2 Ib /mole Molecular weight of oxygenm

AREA AK ft 2 Area for thermal conduction(It is set equal to I for
this program)

AREAC Value calculated in the
determination of decompos-
able density

AREAV A _t2 Area for heat capacity.
v (This area multiplied by

nodal thickness gives a
volume. It is set equal
to 1. for this program)

A_ A hdep meter2/gm DEPO Effective surface area forthe carben deposition
reaction

AST Ibf ./in2 Aerodynamic shear force

ASTORE COMBIN Stnragn array tar TEMPAJ
values needed for inter-

polation tat_,r in the routine

42 i
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Program Math. Dim.

j,- Symbol Symbol Units Subroutine Description

qk B B. BTU/sec-OR CHARM Coefficient of temperature

' (Ti
]

B _ None BLOCK The power _ in the block-

ing function _, • "_"

B B. ft/sec DIFUS Coefficient of gas com-
ponent c_ncentrat:on

(CI, ii + I)

B IWR Temporary value calculated
in this subroutine

BDLIM RECEED Temporary value calculated
in this subroutine

BF A. OR SIC Activation Temperature f,_
sl sil ica-carbon reaction z

jOg Ibm/ft3 Local density at surfaceBLDEN _s _

BLPRES P Ibf/ft 2 Local pressure ot
surface J

S

BMW Mburn Ibm/mole Molecular weight of carbon _'
monoxlde gas

BSTAR Blowing parameter associated
with the diffusion of the abla-

tion gases into the bou,_d_ri
layer

BSTORE COMBIN Storage array for TEMPA2
values far interpolatlon
later in the routine

Ibm/ft 3 vol dBURN Churn Concentration of carbon
monoxide gas phase

C C i BTU/sec-OR CH_.,RM Coefficient of temperature

(TI +1+ 1)
C C. CHARM Coefficient of denslt!e!

' I+1 i +1(_ - I and_ + 1) in

density equations where nodes
are "movable".

C C. ft/sec DIFUS Coefficient of gas component

+,iconcentration ( + I"

43
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Proglorn Math. Dim.
Syn-.b,qi Symbol Units Subroutine Description

CAJA SHIFT1 Rate of change of molecular
weight

CAR I/ft DEPO Effectlve surface area per
unit volume for the silica-
ccrbon reaction /

CARBN1 Ib /ft 3 Density of carbon in the
m char at .time j '_

CARBN5 Ibm,/ft3 Density of carbon in the
char at time of j + 1

CARTS Ib /ft 3 Theoretical maximum density
m of carbon

CC CHARM The coef.ficlqnt of the tempera-
a. + .

,ure (T I ' ,I) after reduchon
of the o_it_in_l coefflclenN

CC D!FUS The coefficient of the gas
comporlentconcentration'+!
(C. ! ,) after reduction of
Li II 11-.I , .

rne original coefficient

CCPC BTU/Ib OR Coeffi':ients of the cubic
(fc_.fir_ term) equation used to calculate

char specific heat

CCPG BTU,/lb OR " Cc_efficientsof the -cubic
(for firs? term) equation used to calculate

gas specific heat

CFI× Cs, i Ibm/ft'_ D_FUS Surface concentrationof gas
componenti

Ibm/ft3 Surface concentrationof
CFXCM

Cs'c° carbon monoxide

CFXDP Cs, dep Ibm/f_3 Surface concentrationof
"deposition Gas" (gas other
than hydrogenformed In

, carbon deposition r_ctlon)
• [Not Inusel

CFXH Cs,H Ibm/f? Surfac¢ concentrationof
hydrogen

Ibm/ft3 Surface concertrQtlon of "
CFXN C

i,N _ ) ,
nitrogen • , _ ,

t

J

44 ' i
i i i i IIHI _ _
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Pro_,a_ Math. Dim.

'" Symbol Symbol Units Subroutine Descrlption
CFXO C ib /ft 3 Surface concentration of oxygen

s,O 2 r-

CFXPY C !b /ft 3 Surface con=entrafion oc
s, pyr m pyrolysis gas

C Ibm/ft 3 Surface concentration ofCFXSI
S,SiO sillcon mo..lox_ de

CHARRO (Ocarb Ibm/f? Carbon density in
the char

formed by pyrolysis

CIN-: SHIFTI Rate oF change of graphite
(Not in use)

CKC k BTU-In/ft2sec OR Cubic coefficients for char
c (For filst term) conductivity equation

COEFT C BTU-In/ft2._ec OR Cubic coefficients for virgin
p,v (For first term) specific heat equation !

COMMAX /_.tmax sac. Maxlmum time step the _iCHARM subroutine is allowed !
to take

C" /ft aCONC C. Ib void DIFUS Concentration of gas cam-
;, portent i

• _ BTU/ft2 OR'_ COND Ki -sec Thermal conductance through: a node

t2,.,onCONDC K BTU/f -sec CONDF Char thermal conductance
# C ;

CONDF =unction subro0tlne which
calculates thermal

' conductance

t2.oR _,CONDV K BTU/f -sac CONDF Virgin thermal conductance ,
V

: CONDX K BTU/ft2-°R-se.: Last thermal conductancedeter- i
mined in a group

CONDXX K BTU/Ft2-°R- see Last thermal conductanceok,tar-
mined In the grouDprlor to --

_ group under calculation

CONDO K BTU/ft2-°R-sac Thermal conductance o,_node 0,_
This is a dummyvalue for uia
in calculatlo,_sfor.back boundary

CONST K Bl'U-h,/ft2°R- sac Cubic coefficients for virgin
O (For first term) conductivity equation

v
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Prnglam Math. Dim.
Symbol Symbol Units Sub_outlne Description

COORD Type of one-d_men_ional
coordinate system:
I : cartesian,
2 = ,.yllndrlcol, 3 = spherical
iNot in use)

CPBAR C BTU/Ib -oR Speciflc heat of gas ati m
Pg' modu i

CPC .(_CP)c BTU/ft3-°R PCAPF Thermal capacity of the char

CPV (_Cp)v_ BTU/ft3-°R PCAPF lhermal capacity of thevirgin

CRUZ SHIFT1 Rate of change of carbon
monoxl de source

CSTORE COMBIN Storage array for fEMPA5
values for interpolation
later in the rouHne

CX DEPO (See descriptionin the block
data subroutineinput in the
INPUT.OUTPUT sect!onof
thls volume)

D D i BTU/'sec-°R CHARM The value D. !n thet
tem_eratur_ equation:

AIT + BITi + Ci +1 = D.I

D D,D ft/sec. DIFUS The value D1 is the gas
corrhoonontconce_ts'atlonequation:

' A_CI,I1J1+ rJl_l, ! _-¢;I, I+I - ul

DACT The net amountof methane
,- remaining In the exiting gas

•DCO -DIFUS The diffusion i:_rameter D for
the ablating _urfocefor gm

u component_I

_r .

j' 4
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Program Math, Dim.
(_ Symbol Symbol Units Subroutine Description

DCOCM
DCODP The diffusion para;_eter D for
DCOH the ablating surface for gas
DCON components carbon monoxide,
DCOO "deposlt!on gas" (not in use),
DCOPY hyd, oger,, nitrogen, oxyge.n,
DCOSI pyrolysis gas, and ._31iconmon-

oxide, espectlvel y

DCU DIFUS The diffusion coefficient for the
- ab!atlng surface. ;

DD CHARM The value D ,_fte_ reduction
(See the program symbol D
for subroutine CHARM)

DD DIFUS The value D after reduction
(See the program symbol D

- for subroutine DIFUS
!

\
DEL The nodal width of p,evious

node used in calculation

of deposition and sillca.-carbon
reactions

DELA Tomporary storage c,f the nodal
width used in calculation

of deposition and all|ca-carbon
reactions

DELTAX In. The nodal width for all mlnor
no_s and non-subdivlded

major node_ ..

DELTX None The normalized nodal width
for the moving minor nodes

DELX /_Y.. In. The nodal widthkf0r all major
"' nodes

DEP Cdep Ibm/ft3void Concentration of "deposltion '
gas In gas phase
(Not In use)

DEPX _ (Not In use)

C_ DEPXX (Not In use) ,

47
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P,og_am Math. Dim.
Symbol Symbol Units Subroutine Description

DGAS The time rate of changa of
the exiting gas mass/flux

DIFC r<ECEED Cubic coefficients in the

equation for calculation of
the diffusion reduction

parameter

DIFCAL DIFUS (Nat in use)

DIFCH ft3/sec Diffusion coefficlents far
hydrogen

DIFCO ftL/sec DIFUS Storage locations _n D!I:US
subroutine _or diffusion
coefficient,.

DIFCOS ft2/sec DIFUS Temporarystorage of diffusion
,coefficient (i - 1)

DIFR ft2/sec Diffusion coefficients for gases
other than hydrogen

DIFREC RECEED Diffusion reduction parameter
see equation (_O') i ")

DIS In COMBIN Distancevalue usedfor inte:-
polation in combiningfront s
nodes

DISTL In Normalized distancesfor
moving nodes

DMW Ibm/mole Molecular weight of the
"deposltiongas" (Not in use)

DPRIN'I Sec MAIN Print intevval

' OR Rate of changeof net al_latlon-
DQ BTU/Ibm surface-heatingwith temperature I

DR ._ RECEED Surface combustion,rate

DS RECEED SurfaCe subllmatlon rote -

DSTEP Sec _MAtN Storagearrav of max, ._alcu-
lotion Interva_ (An Input table)

DSTORE COMBIN Storagearray for distance
values for use In Interpolation

DTAU &_ See CHARM Calcufatlr,n time step

_DTAUC C-_c CHARM .Maximum calculatlo_ time step L _ ,

determinedby CHARM
48 _ ....
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Program Math. Dim. "
Symbol Symbol Units Subroutine Description

• ' DT'US Sec. CHARM Calculation tlme step for
previous step

DTAUX Sec. CHARM An average of the old and
new calculation time steps

DTEND Sec MAIN Time until the end-of, problem
time

DTF None CHARM Calculation time step factor
used in caseswhere cal-

culaHon time step is too large

DTR CHARM An array of surface temperature i
rate of change with time
usedin "damper" procedure

tDWFDX Amount of methaneformed
bei-,een back surfaceand |
end node of group being

., calculated
• % •

' DWFDXX _ DWFDX(see above) value at

previous group calculation --_._.

FONEV of the_.subroutinesCOMBIN,

,_ WRITE_ FONEV, -and WRITEfor j
(distance) f

'_ EDFLUX Heat source to node i
(No_ in use)

EDFX (Nqt In use)

EDFXX (Not in use) -_.

EF , CHARM The. normalized dlstance at
tlme j multlp!led by 2

- - EFCOLC B I/see Co0hlon frequency for the '
._ surfa_e_char combustion

reaction -'

EFCOLS a 1/see ColHslon frequency for the- ,
s surt'a¢0_arbon sublimal'lon

•_ ' '" process

• l/see _ Collision frequency for-virgin
_:. El=COlV- Bv . p!astl¢ decompositionr_¢tlon

! EK_ _ ' Factor used.In Interpo;atiom cf
_, carbonand silica dendtle= to

_l

_ - ,_, ,, a :ount for mgvlng nc_dal

: _ . ,.. _ , lnterf_©ei _ -49
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Program Math. D;m.
Syr_bol Symbol Units Subroutine Description

EMBM Value calculated for the /

determinationof decompos-
able density

EMI Factor for shift correct|on_
of movable nodes

EM!S _ None Emlsslv|tyof v,,rg;n materialV

EMISC ¢c None Emissivity_f char

EMWT. Lb /mol• Average-;molecular weight
m of the total internal gas-

EROC Constantsin the surface
shear removal correlation

_, ERODE _ Ibm/Sac The inc. eroded by aero-
' _ _:- ; dyr,amic shearremoval

ETA _ Fixed error criterion _or :
" calculated temperature

C,

ETAS The minimumof EtA(see

.-_ above) and a see.gnclerror _.. _ ,)
, crltarlon: 40/T ,_.

Ibf/ln 2 . Aarodynamlcshear stressat
i

F
the surface

FCT _ ITER8 _Argumentof an external
fu_ct!on

j,

FF Storage 6rroy for flow condl-
"- tion indlcatie._ _taminor_or

turbulent) (,_ninput table)
'i

_, :_ 'FHT Nodal heat Input _om the
virgin _composltion reactionJ

FHTX - _The last FHT (_ee above) - ..
detQrmt_ed In • group.)

: FHTXX The |ast FHT (tee 2 _ten,_.ha;< ,
i _Nmtmlned In the group prior. •

+-tOgroup uneler©onsl_mtlo.,_

_l_tE SHIFT1 Value uted for !ntQrl_lgtl_n

__ FLOW _ Turbul4nt or lat_lnor flow _,_
_ In_;¢atlon '_1for _to_ nat _nd

t
i
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(_--. P_gr_l m Math. Dim.Symbol Symb,A Units Subroutine Description

FMFP DEPO Factor used in determination

of partial pressures

FNRDI'/ WRITE !'loafing point equivalent
of NRDIV

...... Function sgbroutine whichF L./INZ- V

performs a table lookup
using lineor _nterpolatlon

FOUR, SHIFT1 Re_'eof change of decomposable

densffy for time (j + 1) With ; i
respect to distance

;__i, ,,GABY " -_" SHIFTI Rate _f chanae_ of pyrolysis,, ,

. _ _. : gos source.

• val _ _ i_i _ GAGC Interim ue found in the _:
; _-,_ _ calculation of ¢oeff;cient _ '

.! . matrix, eiement_ for temperature "
i "; de_ermlnatlon't .

't _ _ • The ablation gas mas_ flux at:,
:._ GAS n_g,s ., the, surface at time i�1/2 _

I • /' "",_."I GASI_ rh The ab at,on gas ma_s flux _

if:! _ g,s .- at_the surface at time j-1/2

/! GCON ' R ft-lbf/tb mole OR Gas constant which cquats
• _ " 1545 for these dimensional

_,. .. / units ,-

GK Interim valuo ok;term|ned in
. _ - ., _ finding matrix element foe . . _

i__ ablation _urface nacre .tempera- •t_e equatlor,. .

GRAF1 Graphite d_msity at time i .--

(Not In use_ '_ _.

.. _ GRAF5 t_eph|te _imlty at time j+ 1 • _
_: _ _ (Not in Ose} _ .

: GX - Interh: volue determ|ned in "

finding ahlatlon _surfa_;e /

:_! : ,. temperature
'_ GY ff, i,_lm vu_ue cbte,mtned in

dh_Ig '

7

2 ," ' ' '/ =
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Program Math. Dim.
Symbol Symbo_ Unils S.broutine Description

GZ One-half the ru,_eor change
of the ablation surface heat'

fl'Jx w|th temperature

HCOM H BTU/Ib Heal _f combustion of The
c, c m abiatior_ surfc,ce

HCOMG H BTU/Ib Heat of cembustlo_ of the
g,, _ • tool

gas phase a,_ surfact _

t2HCONV H Ib /f --sec Heat transfer pc_r-met_r at J
m the surface

HDA Caeff_cient's of the, O_t_arllc .,
._, equation for deter.n|_ing the _ -_

o heat oF reactian for the
• - decomposition re, tHan _ |

,_IECT ' SHIFT1 Ra_e of change nf carbon - -,_ '

HERE .- _ DEPO |ntel|r/,,. vq|ue in-detel_ _lqt|a_ i'
_ of c_rbon _os;tie.n m_

% .....HMW Molecular weig',_:c;,f bvdroc_en _. _ i _

HOFM _ -BTU/Ib Heat of vhgin deca_-._iG,,n i ,,

m react|o_' at 536.6- -_ (25 C) i

HOLD Temporary -to-a_e location

HOW Temporary storage I_:atian _, _

H_UB _TUt_b _ Heat of carbon su_l,n_,'_an _f

HYD . _ void " Can,,_nh,nfion of hydrogen in i.
_,- the gc,s p_se _ _"

HYDC arm' DEPO P._rtla| pre_sure of hy_ogen _ _.

l _ Subscrlp_ _'or goner _1 _se. but
• %

' part,(:utar_y for m_terlot __pe . . >,

IBE-_ -Army or the ecd|ng |nt_rf_.es " t-
dr the gmu_ : _ _

J

IB$ _ Ar_y o_ the ;tarhng |n_rf_
. , of the groups ,'_ ,.

I_S_M' [Stooling toc_tlo_ In de¢_,_p_" _,".

upper h_|t'no_ v_,u_; - 1 7 _\ _

• }
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P0ogrom
Symbol Subroutine Description

(" ICOM FRONT An indlcater which determines
the directi_n through the
latter part of the s'Jbroutlne

IERR Error indicator in comparison
oF predicted and calculated
temperatures.
(1 = no error, 2 = error)

JERk.OR Error !nd_cator for maior pro-
gra._ errors resulting in problem
being ended

IG Group number

IGC Used for certain group numbers

IGL IG - 1

IGLD CHARM Group indicator used in colcu_
lotion control _ecflon

IGR First reaction group number

IGRL Last reaction group number.
(Used otherwise also)

IGT Used for certain group numbers

IGTYP The group type (0 for no zone,
1 for zone 1, 2 for zone 2)

IGX Used f,r certain group numbers

IG2 Low,_stgroup number of
problem type 2

IHDN An array of the numbersof
minor nodesper major node for
each group typ©

IHYS (Not in use)

INCOM SHIFT1 Shift value

INEG IX - 1

INFRST MAIN Indlca;== of the table point
number (1 - first, 2 - other
than first)

IN1 Major nodal interface numberfor
decompositionreaction zone ste.t

_') IN2 Major nodal interface numberfor "
decompositionroaction zone end

53
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Program
Symbol Subloufine Description

IP Problem number i

IPLUS IX + I

ISAVE1

ISAVE2 Table entry positions

ISAVE3 saved after table lookup i
ISAVE4 by FONEV subroutine ]
ISAVE5 !

ISAVE6

ISPY WRITE Indicator of direction through _!

routine (1 - first pass,

2 - second pa_)

|ITER Number-of iteratiom for

the time step

|ITERT Total number of iterations

IU SHIFT1, Number of groups in the i
SHIFT2r zone

IYS Major nudal interface at }
start of moving nodes

IZB Array of start;,)g storage Ioca-
tions for the zones

IZG Array of group numbersfor
each zone

IZGT Total nu'mber of groups in
a zone

JBE .Pnd;ng interface for a group

JBEM JBE - 1

JBND1 Starting boundary type

JBND2 Ending boundary type

JBS Starting ;nteRace for a group

JBSM JBS - 1

JBSPM IBSPN + JCSN

JBSPN JBSPM - 1

JBX Last minor node number for
the

group (_J ,

54
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Ptogrc,m
Symbol Subroutine Oescr_ptlon

JBXX Last minor node numberfor
the previous group

JCEN The major nodal interface
for the end of a group

_CtN./I JCEN - 1

JCSN The major nodal interface
for t_,e s_rt of a group

JCSNM JCSN - 1

JE JE1+ !

JE1 The numberof minor nodes
in a group

JE2 JE1 - 1

JHDN The number of minor nodes
per major node for the group

JHDN COMBIN The numberof minor nodes per
major node for the front group

("" , JHDN SHIFT1 The numberof minornodesper
; _ major node for the zone

,_ JLSW Indicator for whether group
has moving nodes or not
(1 - not moving, 2 - moving)

JRSW Indicator for whether group is
in decompositionreaction zone
or not (1 - before zone:
2 -after zone, 3 - in zone)

JSLAB Number of majornodes in a
" group

JSUB WRITE Storage location of decomposable
density for upperhalf node at
ablation su,face

KHDN COMBIN The numberof minor nodesper
major node for the new combined
node

KHDN SHIFT1 The numberof minor nodes

per major n_de

.{ _._ KK CommonlyusedCar the storage

_ (i_.) location of the _com_,lble
densffy for the upper _,f node

55
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.4

Program Dim. _i
Symbol Units Subroutine Description ;

f

KK DIFUS Major node number below 1
major node KL

KL Commonly used for relative

storage location of the
minor nodes _

KL DIFUS Major node number ,_

KSUBI FONEV One of the tclble points for '_
use in the linear interpolation

KSUBJ FONEV :he other table point for use '_
in the linear interpolation

K1 K+I

L Always equal to 1 in CHAD

LANDID An indicator in the Calculation
Control sectlo_, of CHARM

LFT Left (toward back) indicator i

for slde of zone to be added )
to or subtracted from

LLD Functlon subroutine whlch

determlnes mujor node corres-
ponding to a minor node

LRT Right ltoward ablatlon surface)
indlcotor for the side of zone to
be added to or subtracted from

MARK indlcator of whether or not to
enter calculation control

(1 -No, 2-Yes)

MARY SHIFT1 Rate of change of silicon
monoxide source with respect "

to distance i
MAT An array of n_terlal numbers

which lndlcate material type for
each rr_jor node

MCXT DEPO Rate factor Car the carbon

deposltlon reaction

METC atm DEPO Partial pressure of methane O

56
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Program
Symbol Subroutine Description

( MG The total number of groups

MNOD The i:ront major nodal
interface number

N Always equal to ', _n CHAD

N ITER8

NADD An array for a group of the
number of major nodes of
the same material and width

in the group

NASW The type of boundary at the
ablation surface

NBNDST Used in calculation control
section of CHARM

NBND1 An array of starting boundary
types fo, the groups

NBND2 An array of the ending boundary
types for the groups

-" N3SW The type of boundary at the
back surface

NCEN An array of the ending major
interface numbers for the groups

NCSN An array of the starting major
interface numbers for the groups

NCVT An ina_cator used by FRONT
subroutine (See FRONT flow

, sheet)

ND Node divider array. ND(1) is
used to irJ!cate position between
moving and nan-movlng nodes

NDOTS An array of the number of
points in the input tables

NDOTSX MAIN A subscript limit used in table
output section

NHDN An array of the number of minor
nodes per major node for each
zone

;i _ NLR SHIFT1 Left-rlght switch. (See LFT and

LRT) 57
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Program
Symbol Subroutine Descr_ptlon

NLSW An array of the indicators for i
each group of whether the
nodes are moving or ne'l-moving !

NLZON The largest zone number

NN The maximum .major node number _!

NNP The maximum major nodal inter-
}

face number. Equals NN + 1 i
NOF The ablation surface ;ntefface _

number (minor node basis)

NONE SHIFT1 The shlft value

: NOTIME Total number of time steps

NPBSW Switch based on problem type
and is used in the calculatlon
control section of CHAi_M

NPE1N Major nodal interface for the
endlng of problem 1

NPS2N Major nodal interface for the
start of problem 2

NPTSW Switch for returning from
CHARM back to MAIN

(1 - :_tay, 2 - Return)

NRDIV The number of minor nodes per
i major node

,_ NREI',ID The ending major interface of
the zone

NRGO The ._tarting major interface

of the zone

NRID Indlca_or used tn calculation
control section in CHARM

NRSW _ An array of the indicators for
each group of where or not the
group is in the decomposition
reaction zone

NRZON The zone number for the reac-
tion zone

NSHL An array of the sFift valuer to
the left for each zone

58
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Program Dim.
Symbol Unlts Subroutine Description

( NZSN An array used for the major
nodal interfaces of the start
of zones

OMG RECEED Interim value used in calcu-

latlng diffusion reduction
parameter

ONE Temporary storage location

P SUBZ Local pressure at ._he surface

PARTIN Same as DELTA X

PC BTU/sec Thermal capaclty divided
by time step

PCAPF BTU/_ec Function subroutine whlch

calculates thermal capacity

PCX Last PC calculated in a group

PCXX Last PC determlned in lust prior
group

PERM1 Ibmft3/Ibfsec2 Viscous permeability multiplied
. by gc

(_i. _ Ibmft2/Ibf sec2• PERM2 Inertial permeabillty multlplled
. by gc

_,_ PERT1 ft 2 Reference viscous permeabillty
for viscous permeability
calculation

PERT2 ft Reference inertial permeabillty
for inertlal permeability
caiculation

PHI None Blocking parameter

PMW Ibm/Ibmole Molecular weight of pyrolysls
gas

POR None Poresity ,

PORT Reference porosity for porosity
calculation

PP Storage array for local surface
' pressure (An input table)

' PRFRNT FLOWS Local surface pressure

-, PRG Internal gas pressure

I) PSi Parameter calculated for use in

aerodynamic shear erosion
determination

I
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Program

Symbol Subroutine Description

NSHR An array of the shift values
to the right for each zone

NSLAB An array of the number of
major nodes in each group

NSLABH An array of the number of
minor nodes in each group

NSOUR DIFUS Switch in DIFUS set in CHARM

according to the gas component
being determined

NST CHARM Switch used in CHARM which

is set to 1 for first pass into
'-HARM and to 2 thereafter

NSTILL CHARM :_"_ ,vhlch is set to 1 for

-.:omposiflon reaction and
or decomposition reaction

..... ' ._ wifhin the group

NSW CHARM Switch in calculation control
section of CHARM

NTAB MAIN TaL',e number

NTABT MAIN The total of tables what have

been input

NTYP MAIN The type of table 3
temperature or heat flux

NXSW CHARM Switch in iteration control
section which allows recalcula-

tion of front group of error

found there on first iteration i
NZEN An array of the ending major

nodal interfaces for the zones

NZON Subscript used for zone numbers _i

NZONC Initializing value for calculation I
c_ntrol section. It equals 1
:,ormally and 2 when there is no
decomposition reaction zone

NZONX SHIFT1 Zone type for group adjacent to
zone being changed

6O
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Program Dim.
Symbol Uni ts Subroutine Descriptionl

FSQ FLOWS The square of the internal
gas pressure

PSTORE COMBIN Storage array for SILCA1
values needed for interpolation
later in the routine

PSTEP Storage array for print inter-
vals (An inputtable.)

PYRO Ibm/ft3vold Concentration of methane in
the gas phase

QBACK BTU/ft2-sec Heat flux to the back surface
(Not in use)

QBRN _TU/Ib Heat of reaction for internal
m combustion (Not in use)

QBYRAD BTU/ft2-sec Heat radiated from the abla-
tion surface

QCOMB BTU/Ib Heat of surface combustion
m

QCOND BTU/ft2-sec Conducted heat r,
, _UX

QCONV Unblocked convective heat
flux to the ablation surface

QDEP BTU/Ib Heat of reaction for carbon
m deposition

QGAS BTU/ft2-sec Heat radiated by hot gas
toward ablation surface :

QGPCOM BTU/ft2-sec Heat flux of gas phase combus-
tion to ablation surface

QMISC BTU/ft2-sec Heat to ablation surface that
is not blocked

QMU BTU/f*2-ssc Storage array for unblocked
heat flux (An input table) ++

QSAVE BTU/ft2-sec Total heat flux to ablation t
Surface ,_ l_

QSI BTU/_b Heat of reaction for silica- '
m carbon reaction

QSTORE COMBIN Storage array for CARBN1 values
needed for tnterpolation later

C , in the routine
QSUBL BI'U/Ib Heat ,_. sublimation

m 61
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Program ,V.ath. Dim.
Symbol Symbol Units Subroutine Description

QTOT BTU/ft2-sec-- Par,_al total of heat
fluxes to the ablation
SUrfac e

0

QTOTAL BTU/ft"_sec Total heat flux to the
ablation surface

RATE Virgi;, material decomposition _
rate

REO n None Reaction order of the s|l_ca- |
carbon reaction

; REORDC None Reaction order of the surface
combuslon reaction "

REORDS None Reaction order of the surface

sublimation !
REORDV None Reaction order of the v;rgln

decomposition reaction

REQ None Some as REO . '
¢ •

RH Storage array for heat tra_s_ 1t
fer parameters (An input table)

RHO Ibm/ft3 WRITE Density value f,_r print-out

Ibm/Ft3 Char density after pyrolysis and
RHOC /'_c before char deposition or silica-

carbon reaction

RHODE /_a Ibm/ft3 WRITE Density of decomposable material .i

RHOTS Theoretical maximum dens|ty of

virgin material

RHOV /° v Ib /ft 3 Demity of the virgin materialm

RHO1 (_a)! Ibm/ft 3 Demlty of decompo,_ablematmlal ,
0 at hme j

RH02 (,Oa)ij+l (est) Ibm/ft3 n_terialEstimatedatCkmsitYt,me j+°f ldec°mp°sable

i+ 1/2(est) lbm/ft3 Estimated density of decomposable
RH03 (pa)i mater|al at'tlme of j + t/2

i+ I/2
RH04 (_a); + 1/2 (est) Ibdft 3 Average of RH03 for two ir

adjacent haft-nodes {-'_ :
i

'T.
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Program Math. Dim.
_ Symbo{ Symbol Units Subroutine Description
L

RHOS U° _!"+ l(calc) Ib /ft 3 Calculated density of
a , m decomposable material at

time i �1

RSTORE COMBIN Storage array for RHO1
values needed for interpolc-
tion later in the routine

SAVE Temporary storage

SCHECK In Front nodal thickness at :
which the front node is com-
bined with the next one if
materlals are the same

SDN in Amount of surface reces-!on

for half a time step

SDOTN in/sec Surface recession rate at
time j + 1/2

SET /V_IN Minimum COMMAX allowed

.- ,. SILICA1 (_)SiO2 Ibm/ft3

Density
"_ at time j

)J of silica in the char

_: SILICAS ((2SiO2)i¢ 1 Ibm/f 3 Density of sil;ca in the charat time j + ]

SILICA Ibm/ft 3 Initial density of sillca
before

the silica-carbon reaction begins

SILTS Ibm/f? Theoretical maximum density
oi silica

SLOPE Transpiration factor for _.blatlon
gases

SMW MSiO Ibm/tbmole Molecular weight of silicon
monoxide

SN In Thickness of movable nodes

at time j + 1/2

SN1 In Thickness of movable nodes

at time j

SOURCE Ibm/sec DIFUS Source of gas component i

: SOX Ibm/f? void Concentration of oxygen in
._ the gas phasei,--._

{_ _._ SPEED ft/sec Veloclty of the gas internally

I L ........ .,-
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Program Math. Dim.
Symbol Symbol Units Subroutlne De_.cription

TAR Area of back surface

(Not in use)

TAUOUT Time For return From CHARM
to the MAIN routine

TAUST An array of times corresponding
to TEMPS'[ and DTR for use in

"dumper" procedur_

TAUI Time j start of the time step

TAU2 Time j+ 1 the end _,._the
time step

TAU2S Time j+ 1 for the previous
iteration

TBSTEP Function subroutine which dc_s

a table lookup on a step
function

TEMPA Temperature for use in an im-
pending calculation

TEMPA1 T j. OR Temperature at a nodal inter-
i face at time i

"_ TEMPA2 (T i + 1) oR Estimated temperature at a.., i est ,
nodal interface at time i + 1

TEMPA3 (T! + 1/2, o_ Estimated temperature at a)est '
.,: nodal interface at time j + 1/2

, i + ]/2. oR
•. TEMPA4 _Ti + 1/2)est Average of TEMPA3 for two

adjacent nodal _nterfaces

TEMPA5 (Ti+ 1) oR Calculated temperature eta '
i calc. nodal interface at' time j �1

TEMPST An array of temperatures corres-
ponding to TAUST for use in
"damper" procedure

TEND MAIN End compute time

TEST DEPO A limit imposed on carbon
deposition based on amount of
methane produced

': TIENDA SHIFT1 Rate of change of internal gas
massflux

0"_ TIME Sec MAIN Same as TAU1

• 64
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Program Math. Dim.
Symbol Symbol Units Subroutine Description

C
TIME1
TIME2 Sec. Time arrays for the
TIME3 input tables
TIME4

TPRINT I" Sec Time for output of calculated
data

TRC/-/AR /_, None Tran:pirat!on factor for gases
resulting from surface combus-
tlon and surface subllmatlon

TS T j. OR Same as TEMPAI
I

TT Storage array for ablation
surface temperature (An input
tabl e)

TWALL Ablatlo,. surface temperature

UHOLD COMBIN Storage array for WFD values
needed for interpolation later
in the routine _

\ USTORE COMBIN Storage array for EMWT values ,

needed for interpolation later
in the routlne

VHOLD COMBIN Storage array for carbon deposi-
tlon source_ needed for inter-

polation later in the routine

VISC //_ Ibm/ft-sec Viscosity of the internal gas

VISCO ,_Lc* Ibm/ft--sec Reference vlscoslty for viscosity
calculation

VISCON T* OR Temperature corresponding to
the reference viscosity

VSTORE COMBIN Storage array for internal gas
mass flux needed for interpola-
tion later in the routine

WBRN Ibm/sec Source of carbon monoxide

WBRNX Ib,,/sec The last WBRN value deter-
mined in the group

-. WBRNXX Ibm/see The last WBRN value de_'erm|nedin the group prior to the group
under conslderation

65
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Program Dim.
Symbol Units Subroutine Description

WDEP Ih /sec Source of depositedcarbon
m

WDEPX Ibm/se_. WDEP value determined in
the group prior to the group
under consideration

WDEP Ibm/sec Source of deposited carbon

WDEPX Ibm/sec The last WDEP value deter-
mined in a group

WDEPXX Ibm/sec The last WDEP value deter-
mined in the group prior to
the group under consideration

WF Ibm/ft2-.sec Internal gas massflux

WFD Source of pyrolysis gas

WFDX Last WFD value determined _:
in the group

WFDXX Last WFD value determined
in the group prior to the last
group under consideration

WFP Interim value in the calcula-
tion of WE

WFX Last WF value determined in

c, group

WFXX Last WF value determined in a

group prior to the last group
under consideration

WHOLD COMBIN Storage array for silicon monoxide
sourceneeded for interpolation
later in the routine

WSI Silicon monoxidesource

WSIO2 SIC

WSIX The last WSI value determined
in the group

WSIXX The last WS! value determined
_r

in the group prior to the group
underconsideration

WSTORE COMBIN Storage array for GRAF1 values
neededfor interpolation later i "_
in the routine
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f PJogram Math. Dim.
Symbol Symbol Unl ts Subrou,_ine DescHptlon

XHOLD COMBIN Storage array for WBRN
values needed For inter-

polation late: in the routine

XIR I BTU/I b Recovery enthal pyr m

XIWALL ! Enthalpy at the wallw

XLEFT In Distance to major nodal inter-
faces from the back surface

XMDOTC Ib /sec Mass recession at the ablation
m surface from combustion and

subll marion

XM DOT D Ibm/sec Diffusion-4 imited surface
combusion rate

XMDOTG Same as GAS

XMDOTL Ibm/sec Surface combustion rate

XMDOTR Ibm/sec Reaction rate limlted surface
combustion rate

XMDOTS Ibm/sec Surface subllrnatlon rate

XRI Storage array For recovery
enthalples (An input table)

XSAVE Test value for determining
whether to end the problem
or not because of complete
loss of ablating material

ZWALL z None Compressibility factor at the
ablation surface

o
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SAMPLE CASES

The two sample cases presented have used the same basic data. The first
case /I) is a temperature drive input and the second case (11) is a heat flux drlw
input. The calculated data output at a limited number of time po|nts is shown for
each case.

68

1969015273-076



( SAMPLECASEI
I

Temperaturedrive - DATAINPUTCARDS
- XOT M_IN
TCMPFRATURF DRIVF 3^MPLF CASF

1 TIME <TrP CONTROL TABLE
0, l,O

40, 0-2
i00, i,0
600, 2,0

1078, 2,0
0, 0,
2 PRINT ST_P CONTROL TABLF

0, I0,
'I00, 20,
600, 100,

10T8, 100,
O, O,

3 2
O, 560, ,O000a

20, ]708, ,000_0
aO, 1849. ,0005]

•60, 3262, ,0030]
80, _625, ,Of08&

100, W911, ,01341
120, a193, ,00932

• _r_ 140. 3905. .00786

L 160, 36%5, ,00660
180, _74, ,0050_
200. 3145. ,003_
270, 29q4, ,003_

:: 2&O, 2924, ,O030_
260, 2881, ,00295

,# 280, 2842. ,00282
300, 2802, ,00268

/ 320, 2831. ,0028 _
_40, 2866, *00302

"' _60. 2904. ,00126
:_ 380, 2_97, *0038]
:_ 400. 3142, ,00&75
; 420, 3293. ,00607

_40, 3401, °00755
_60, 3194, ,00865
_80, 3009, ,009_o
500, 2708, ,00861

540. 2113, ,0068_
600. 1628, ,00650
700, 990. *01030 }
800, 703, *01360
900, 641, *01460

I000, 612, *01550
I078. 599, ,0160_

0, O,
6 Lr,CAL _TATIC PPE_SURE ANO FLOW

O, ,0_60 I, ,000040_
40. 1,756 I* ,000h_q
50. I0,5 I* ,001944
60, 66,08 I, *004779

_1 69
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700 39_,0 10 ,008_9_
800 _1208 1, *012207
8_, 767,0 l, ,01308
900 103000 1, 001320?
950 920,0 10 ,012774

lO0, 81801 1, ,012542
1050 759,0 1, ,011384
110, 65100 lo *009522
1150 549,0 10 ,008698
120, 41009 1, .007690
l_Oo _49o0 le e006707

1400 29800 1. ,006!0_
1500 258,0 10 ,005552
160, 213,4 1, 0004909
1700 15600 10 ,004192
1800 12501 10 *003612
1900 9609 10 0003218
2000 77*7 10 000277
210_ 6602 l, ,002416
2400 4705 1, ,O020cM_

I

3000 3603 ]0 *001795
3500 4908 10 *00_061
3700 6X,5 1, ,002_61
3900 90*6 1. ,002634

4100 1470 1o 0003_75 i
6300 2360 1, ,004399
4500 366* 1. *005078
4700 459, 10 0005091
4800 4960 10 0_048q_
490. _800 10 0004206
5100 4110 I, 0003504
5)00 318, 10 ,002628
550, 287* I* *0C2214
570, 307, I* *001667
706. 734, 10 *00118
7560 Iil50 10 ,001_I

10780 211t, 1. ,001973
O, 3.

2 ALUMINUM ,015 1
I AVCOAT 10976 35
0

5600

70
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( SAMPLECASEI

Temperaturedrive - OUTPUTOF INITIAL iNPUTTABLES
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(
• SAMPLE CASE I

Temperaturedrive - OUTPUTOFCALCULATEDDATAAT VARIOUS T!MES

The following listing showsthe CHADproqram output at time -
0, 100, 200, and 500 seconds.

°

'3

; ?
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SAMPLECASEII

Heatfluxdrive - DATAINPUTCARDS

- XQT MAIN
FLUX _IVE SA_PLF CASE

1 TIME STEP CONTROL TABLE
O. 1,0

40, 0o2
I00, 1,0
600. 2,0

1078. 2,0
O, O,

? PRINT STFP CONTROL TA_L_
O, 10,

100, 20.
600, 100,

1078. I00,
O. O,

3 1
O. 24751. ,00004

20. 24843, ,00030 ,067
40. 24935. ,00061 12.33
60, 24854, .00391 33,88
80, 22965, ,01086 192,31

I00. 18058, ,01341 30,31
]20. la524. *009_2 7.25
140. 12713. ,00786 _,91
160. 11419, .00660 2,43
180. I0614, ,00503 1,75
200. 10133, ,00395 1.47

" _. 220, 9810. .00335 1.36
260, 9572. .00308 1,26
260. 9408, ,00295 1.22

' _ 280. 9240, ,00282 I,19
300. 9076, ,00268 1.15
320," 8902, .00285 1,10
340, 8727, *00302 1.05

" 360. 85_0, ,00326 ,985
380, 8275, .00381 ,925
400, 7880, *00475 .905
620, 7280. ,00607 ,97
440, 6420* ,00755 1,115 "
460, 5245, ,00865 1,22
480, 3858. ,00939 1.16
500, 2730, ,0C861 ,785
540, 1265, *00685 .245
600, 560, ,00650
700. 110, ,010_0
800, 11a, ,01360
900, 117, ,01_60

I000, 123, ,015_0
1078, 124, *01603

O, O*
6 LOCAL STATIC PRESSURE AND FLOW

_' O, .0360 1. *000_03
i_ 40, 1,756 I* *0006_9

i! ,o. !o.5 i. .oo19.. !_) ,

60, 66,08 1. .006779

g _
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70, 393,0 I. ,0083q6
80, 512,8 I, .012207
85, 767,0 I, .01308
90, 1030o0 I, .013202
95, 920.0 I. .0]2724

100, 818,1 I, .nI254P
I0_, 755,0 i, ,01i_8_
110, 651.0 1. .009522
115, 549,0 1. ,008698
120. 41O.9 1, .007690
130, 349,0 I, .006707
140, 298,0 I, ,006108
150, 258,0 1_ ,005552

160. 21_,4 1, .OOaOOq
170, 156,0 I, ,004197
180, 125,1 I, ,003617
190, 96,9 I, ,003218
200, 77,7 I, ,00277
210, 66,2 1, ,002416
240, 47=5 I, ,002095
300, 36.3 I* ,001795
350, 49,8 1, ,002061
370, 61.5 I* ,002261
390.. 90.6 1. .0028_4
410, 147, 1, ,00_47%
430, 236, I, ,004399

450, 366, I, ,005078
470, 459° I* *005091

480, . 496, 1. .00489_
4qO, 480, l* ,0042_6

510, 411. l, ,003506
530, 318, I, ,002628
550, 287, l, e002214
_70. 307, I, .301667
706, 734, I, ,00118

756, 1115. I, .001561 L

1078, 2117. I, ,001q72
O, Oo
2 ALUMINUM ,015 I
1AVCOA7 1,976 35

o

i

001882 0036 1
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SAMPLECASEi I , !
i

i

i

Heatflux drive - OUTPUTOF INITIAL INPUTTABI£S:=
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SAMPLECASEII

Heatflux drive - OUTPUTOFCALCULATEDDATAATVARIOUSTIMES

The followinglistingshowsthe CHADprogramoutputat time =
0, 100, 200, and 500seconds.
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; PROGRAM LISTING

This is a sequenced listing oF the CHAD computer proglam (includlng sub-
routines)'.

- FOR RLKDID2PRLKDID_tBLKDIC2
BLOCK DATA CHDOOOO0
COMMON /BLOCKA/ CHDO001O

1ABSORP(IO) mABSC mACTENC IACTENS mACTENVIAP|O)t CHDO0020
2BSTAR tCCPC(_) oCCPG(4) oCHARPTII01) tCKC(4) • CHDO003O
3COEFTiAtlO) *CONDC tCONDV(]OO) tCONST(At10) ,COVERX()O0) 9 CHDO0040
_CPBA_ •CDC ,CpV(100) ,DIFREC •UMATER(|0) • CHDO0050
_E_COLC _EFCOLS •EFCOLV(k•|OI•EMIS(]0) •EN|$C • CHDOOO6O
6HOFM(lO) •HCOM .HCOMG ,HSUB t_AT(IO0| • CHD0O070
7MATOMN •MATMNE •MN •NN •NNP • CHDOOOB0
8NNSAVE •NRD|V •NREND tNRGO •NST • CHDO0090
9PARTIN(IO]) •PH| •OBYRAD •OCOMB •OEXTR • CHD00|O0
1OGPCOM •OSUBL _RECPRO •REOROC •REORDS • CHDO0110
2REORDV(6•10)oRHOSZ •RHO5(305) •RHOCPX(1OI) •F._OC t CHDOO120
3RH_V(10) •SABL •SA_LC •SOOT •SDOTC • CH_00130
6SLOPE(i0) tTMELT(1O) •TSZ •TS(_O_) •TRCHAR • CHDO0160
_WFZ •WF(205) •XCHAR mXlN|T mXLEFT(101) • CHDO01SO
6X_ASS •XMDOTC •XMOOTD •XMDOTG •XMDOTL • CHD_0160
?XMDOTR •XMDOTS •XTOTAL •XV|RG(101! •XZONE CHOOO|70

COMMON/_LOCKC/ CHO00180 "
1BLPRES(20m11) tCOMKAX •CUTOFF •FI20o|l) m CHDO0190
2FLOW(_O•111 •HCC'NV(20•I1)tIERRCR •JUNCT •L • CHDO0200
_N tNOSECH tQBACK _OCONV(20•ll)tOGAS(20t11! p CHDOO_10

i 4OMISC •TIME tTPRINT •TWALLf20•lIItXIWAL_I20tll)t CHDOO?20
_XIR(?0t]l) CHDO0?_O

COMMON /_LOCKJ/ CHOO0260
1FLUXII200)tTEDEPI2_0)tXEDE_IIO1)•EDEPIIOII•NTEDEP• CHDOO250 "
2NXEOEPt|TEPEP,EDFLUX(IO0) CHDOO260

COMMON /RLOCKK/NNI•QCOND:20_) CHOOOT70
COMHON/BLOCKN/COORD CHDOO2BO
CO_ONIBLO_KRIDIFC(k)_EROC(_)•ERODE CHDO0?gO
COMMON /CHCOM/ DTAU• |BEIt0It IBSI10)• |BSPN• CHD00300

I|GTYP(|0tt |HDN(&)_ |Mr IZBl_)t ]ZG(_•10I• CHDO0_10
2IZGT(3)• JRSW• NCSNilO)• NSHL(3)• NSHRI3)• CHDO0320
3NZEN(3)• NZSN(_I_ RH01(305)• RHO2(30_)• RHO3(610)• CHDO0_30
41 •T_HPA2(20_!•TE_PA3(_ItTEMPA4162} •TEMPAS(20_)t CHDO0_40
5 DELX(IOO)tDI_TLItOOI_UUM (]O|•ICOM_ CHDO0350
61YSmLFT•MGtNDUMtHCEN(]OItNCUTtND(_)t_LZ_N;SNtSN]• CHDO0360
7$CHECK CHDO0370

COMMON /NASCOM/ CHARRO•AIRM_ CH_003BO
]CAR_Nl(2OS}tCARBN_I205)tS|LCAl(_0_)t$|LCAS(20_)tPYROi2O_!tDEP(2O_)CHDO0390
2•HYO(?OS)tAERO(20_),AERNI20SI•BURNI?OSi,WFD(2OSI, WDEP(2OSItWSI(?0CHDO06O0
3_)•MBRN(2O_)tEMWT(20_)_FRGI20_) CHDO04|0
_•TIME_(_O)•TFT(_0)•NPTS CHDOO420
5tPOR(2OS)mPERMll2OS)•PERM2(205)tVISC(2OS)tGCONmRHOTSmCARTStSILTS_ CHDO0630
6PORT•PERTlmPERT2tDCOH•DCOOmDCOPYtDCODP•DCOSl.DCOCM_DCON•CFXHtCFXO_CHDO0660
7CFXPY,CFXDPtCFXS|tCFXCMtCFXNtD|FC_i2OS)•SOXIZO_) CHDO0450
8tALLGAS(2OS)tGRAF|(20_ItGRAFS(2O_ItSPEED(20_|tO|FCH(?O_)tOIFR(20_ICHDOO660
9tY:_CO*V|SCON,AF*BFt'|L|CAtREO_PMW*DMW_HMWtAOMWtANMWtSMWtBMWtCX(6|CHDO0470
_*Ob,•OBRNtO_[P CHD00_8O

DATA NST_L*N* COORD_AIRMtGCON/ltlt|tlet2B,96*IS45,/ CHDOOk90
DATA CFXOtCFXNtCFXHtCFXPYmCFXDPtCFXSItCFXCM/7eOe/ CHDO0_O0

C THE ABOV_ DATA STATEMENTS ARE NORMALLY LEFT UNCHARGED CHDO0510
C MAT_R!AL 1 DATA CHOO0_20

F

99 ;

l-
i

...... ,, .................. -- - _ ' :-_P_!a _. IIII.
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DATA (EFCOLV(ltl)lI=lt2t/ll?Oq,to./ CHn00640
DATA (REORDV(Itl)tI=lt2)II*t0,/ CHAD0550
DATA HOFM(1)/350./ CHD00560
DATA (COEFT(Itl)ti=l_4)/*43t0,_0.t0,/ CHD00570
DATA (CONST(Itl}*I_lt4)/.2_4E-Stll,_E-8t-l=67E-ltt9,/ CH_00580
DATA EMIS(1)tABSORP(IIoRHOVI1)tSLOPF(|)/°q_.g,_.t],?/ CHD00_90

C UATFRIAL _ RATA eHD00600
DATA (ACTFNV(IP2IoI=lt?)/O. tO,/ eH_O06|0
DATA (EFCOLV(I,2),I-I,2)/O,_0,/ CH_qq620
DAT_ (REORDV(I_2)tI=lt2}/O°_O,/ CH000630
DATA HOFM(_)/_O,/ CHDO06_O
DATA (COEFT(It2)oI=lt4)/°O9936_°1642E-4,°_O55E-St°1389E-lO/ CHDO0650
DATA (CONST(It2)*t=lt4)/,06|2_to961E-StOetO,/ CHD00660
DATA EMIS(2)tABSORP(2)_RfIOV(2}tSLOPE(_)/,2to6_4R_°,,?/ C'1D00670

C CHAR DATA CH_OO680
DATA ACTENCtEFCOLCtREORDCtHCOM /39855.t.673Egt°_tO°/ CHDOO6qO
DATA ACTENSoEFCOLStREOROStHSUB /O,tOotO,tOo/ CHDOOTOO

DATA (_CPC(l)=lmlt4l/o_tOotO,tOo/ CHDOO7IO
DATA (CKC(I)oI=lt_|/,I68E-2t-,2968E-_t,|7_lF-8t-,2_O_E-121 CHDOC720
DATA EMISCtABSC_RHOC_TRCHAR/.65_]oOt20otlo/ CHDO0730
DATA CHARRO/IO°/ CHDOO760

C GAS DATA CHO00?50
DATA |CCPG(I)IImlI_)tHCOMG/oTtOeIOetOet_|T_o/ EH_OO760

C INTERNAL FLOW AND DIFFUSION CONSTANT_ CHOOO770
DATA CARTStRHOTStSILTStPORTtPERT|tPERT2/131ot70°t|37°3t,75t CHDO0780

11.E-tOt10°/ CHDO0790
DATA VISCO*VISCON/]eE-St530°/ CHD0OSO0
_ATA DCOCMtDCODPtDCOHtDCONtOCOO_DCOPYtDCOSI/Tel,/ CHD00810
DATA ANMWmAOMW.BMWtDMW_HMNtPMWt_MWIZS,t32,t28,t20,_2,t]6°t_=/ CHD00820

C MISCELLANEOUS CONSTANTS CH_0OB30
DATA BSTAR_(DTFC(IItI=It6II°_t-,6_q,-2,5_t-2°_Ot-,_TR/ CHDOOB_O
DATA OSItODEPtQBRN/O,_O°tO,/ CHD00RSO

D_TA AFtBF*SILICAtREO/2°0921E3_OT_,tB,1q&_l,/ CHDOOgO0 !
DATA (CXlll_l=l,61/.O1365_I16.2t1777°t_.O6E-A_°O]1_t_.?2/ CHDOOq]O
END CHD00920 ;

, i
t
t
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' I

1969015273-108



- FOR RLOCKoRLOCK
SUBROUTINE BLOCKIXMCeTC,GASoSL_PE_HtFoPHI! CHDOOq_O
XNG-GAS CHDO0960
TG-SLOPE CHOOO9_O
IF(F-l,1) 10t10o20 CHDO0960

10 A'(XMC4"PC+XMGeTG) CHD00q70
GO TO _0 ¢H_00980

_0 At(XMC_TCm_3+XMGwTG_3|/3, CHDO0@90
3_ B=A/{H¢leE-20) CHD01000

|F{B-RSo)40o40oS0 CHD01010
40 PHI=EX _ (-B) CHD01020

GO TO 60 CHD010_0
50 PHI=O. CHDOIO_O
60 RETURN CHO010_O

END CHDOI060

000015 0001

L

i 101

I
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- FOR CHARM/SkeCHARM/S4
_LIRROUTINE CHARM CHD01070

Ceeee CHARM SUBROUTINE XN CHAP --JULY 1966 VERSXON CMD01080
C L[ST|NG FOR GAUDETTE 8576 TAPE CHDOI090

COMMON /BLOCKA/ CHD01100
1ABSORP(10) .A8$C PACTENC oACTENS oACTENV(6110)t CHD011]0
2BSTAR tCCPC(4) tCCPG(6) tCHARPT(|O|) wCKC(4) o CHD01120
3COEFT(4tlO) tCONDC oCONDV(IO0) tCONSTI6t]O) tCOVERX(IOO) t CHDOI1_O
&CPBAR oCPC oCPV(lO_) tDIFREC tUMATER(I_) t CHO_1160
SEFCOLC 9EFCOLS _EFCOLV(4tlO)PEM|S(|O) tEM|$C t CHD01150
6HOFM(|O) tHCOM tHCOMG tHSljB oHAT(IO0) , CHD01160
7MATOMN oMATMNE tMN +NN tNNP t CHD01170
BNNSAVE •N_DIV •NREND tNRGO •NST • CHD01180
9PARTXN(|01) tPH! tQBYRAD tOCONB tOEXTR t CHDOll90

.- ]QGPCOM oOSUBL rRECPRO tREORDC .REORDS o CHDOI200
2REORDV(4tlO)tRHOSZ tRHOS(305) tRHOCPX(101) tRHOC • CHD01210
IRHOVIIO) wSASL •SABLC eSDOT tSOOTC • CHD01?20
_5LOPE(IO) tTHELT(10) •TSZ .T$(20_) oTRCHAR * CHD01230
_WFZ 9WF(205) •XCHAR tXINIT tXLEFT(IOI) _ CHDO1260
6XMASS .XMDOTC tXMDOTO tXMDOTG tXMDOTL t CHD01250
7XMDOTR tXMDOTS oXTOTAL oXVIRG(IO|) tXZONE CHDO1260

COMMON /BLOCKB/ USERI24_)•BLDEN(20o11) CHD01270
COMMON/BLOCKC/ CHDO|280

1BLPRES(?OtI1) tCOMMAX •CUTOFF tF(2Otl_) ; CHD01290
2FLOW(20t11) .HCONV(2Otl|ItXERROR tJUNCT tt t CHDOI300
_N tNOSECH tOBACK POCONVI20tllItOGAS(20o11) , CHD01_IO
4OM|SC tT|ME tTPRINT •TWALLI20ol]loXIWALL(20,11)• CHD01320
5XlRI2Otl]) CHD01330

COHMON /BLOCKJ/ CHD01340
1FLUX|(2OO)oTEDEP(2G0)tXEDEP(IOII,EDEP(101ItNTEDEPt CHO01350
2NXEDEPo|TEPEPtEDFLUX(tO0) CHD01360

COMMON IRLOCKKINNltOCOND(20_) CHO01370
COMMON/RLOCKN/COORD CHO01380
COMMON/BLOCKR/D|FCI4ItEROC(6)t_RODE CH_01390
COMMON /CHCOM/ DTAUo XBE(1OIo IBS(lO)t |BSPN. CHD01600

liGTYP(IOIo |H_NI6It IN• IZB(3), IZG(3,10|, CHD01610
2IZGTI3It JRSWt NCSN(IO), NSHL(3)o NSHR(3It CH001620
3NZENI3It NZSNI3)e RHO1(305)_ RHO2(305)t RHO3(610)* CHD0|630
_! tTEMPA212051_TEMPA3(621tTEMPA_(421 _TEMPAS(2OSIt CH001_60
5 DELXIIOOttDISTLIIOO).DUM (10).|COMo CHO01650
6|YStLFT.MGtMDUMtNCEN(|0).NCUTeND(3itNLZONwSNtSN]t CHD01_60
?SCH_CK CHO0|_?0

COMMON/NUCOM/ NADAt CHD01480
IEM(42) CH001690

COMMON /DACOM/ A(42), C_01500
IABVAL tABVALMoABVALStS(62) _C(42) t CC(205)tCOND(62)o CHD01SIO
2CONDX ,CONDXXt D(62) _DDI2OS)_DELTX¢1OIItDGAStDO_ CH_01520
3DTAUC ,DTAUS tDTAUX tDTFoOTRI3)_FDFX_EDFXXoEMI(62), CHDO|_30
6ETAtETAStFHT(k2)tFHYX_FHTXXtGAGCoGASltGKtGXtGYoGZo CHD01S40
5HOA(StlO)olBSPMt|ERRt|GCt|GLt|GLDtlGR_IGRLoIGT_IG2t CHD015_O
6|HYS_|NEGI|N|t|N2t|Pt|PLUSt|TERI|TERT'IXt|YtlZoJtJBEt CHO0_60

] 7JBEMtJBEXtJBNDloJBND2tJBStJBSMoJBSPM_JBSPNoJBXtJBXXoJCENo CND01_?O
8JCENMtJCSN_JCSNMoJEtJE|tJE2tJHONtJHDNltJLSWoJSLABtJX_JZ_ CHD01_80

+ 9KttLANDIDtLRToMARKoNADDI62)_NASWoNBNDSTINBND](1])t CHDO|_90
]NBS_tNDC_NDCMtNLS_IIO).NOFtNOTIM_tNPBS_NPE1N'NPS2N_NPTS_t CHDO|600

?
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_N_|D,NPIDCtNRSW(_O),NPZC, N,NSLAh(_0)tNSLABH(]0)tNSW,NXSWl CHD0]6|0
_NZONtNZn_CtCNEtPSI_SAV_oQT_It_TOIAL_PEFCTR_SBKtSDNI CHD01620
43DC_NtSN_JbRA,TARt]ALOUTtTAUSI(3)oTAUItTAU2_TAU2SITEMPA* CHD01630
51EMPSTI3IoTHREE,I_O,WFPP_FX,WFXX,XItXMCOMtXSAVE CHD016_O
COM_N INASCO_.'/ CHARROtAIRM, CHD01650

ICARBNI(2OS),CARBNS(20SItSILCAI(2OSItSILLAS(2OSI_PYRO(2OSI_DEP(2OSICH_01E60
2,HYD(?0_ttAERO(2051,AERN(205),BURN(205)tWFD(205), WOEP(205),WSI(?OCHD01670
3_)gWERNi?05|tE_WT(TCS)tPRG(?05| CHD016R0
4_TI_FX(_O),TFT(5_),_IPTS rH_1690
5tPOR(20_)_PERMI(2OS)tPERM2(205)tVISC(2OS)oGCON*RHOTS*CARTS*SILTS* CHDO|700
6PORT,DE_T1,PERT2,DCOHtDCOOtDCOPY,DC_DPsDCOSI_DCOCM,OCON,CFXH,CFXO,CHD017]0
7CFXPY,CFXDPtCFXSI,CFXCM,CFXN,DIFCO(_0_)*SOX(_O_} CHDO1720
8_ALLGAS(205),GRAFI(205|*GRAFS(20_),SPEED(205|,O!FCH(205)_DIFR(20_)CHD01730
9_VISCO_VISCONtAF_BF_SILICA_REO_PMW_DMW_HMW_AOMWtANMW_SMW_BMW_CX(6)CHD017_O
I_Q_I_BRN_QDEP,DACT CHD017_O
COMMON ITABCOMI NDOTS(_)_TIMEIIIO0)_TIME2I|OO)_TIME3iIOOI_ CHDOI?60

ITIME_(IO0)_DSTEP(10OI,PSTEP(IOOI_XRII]OOI_RH(IOOI,OMU(IOO)_ CHD01770
2TT(IOO)_PP(1OOI,FF(IO_I,AST(100) CHD01?80

DIMENSION AREAC(_2)_CONDO(6_)_EMBM(62)_NBND2(10)_NHDN(3), CHD01790
IPC(h_)_RATE(_)_RHO4(306)_ DELTAX(1)_TE_AI(I| CHO01_O0

C**** DI_ENSIO;_ STATEMENTS CHD01810
C CHD01820

DIMENSION ARE_(_2ttARFAV(_2) CH_01R30
C CHDO18_O
C**_* COMMON STATEMENTS CHDO1850
C CHD01R60

- C CHD01R70
: C** i* FOUIVALENCE STATFMENTS CHDOIRSO

; C CHDO!890 :
EQUIVALENCE (NBNDI(2)_NBND2(|)| CH_OlqO0

". EGUIVALFNCE (WF(])_RATE(])) CHDO1910
: EOUIVALFNCE (IHDN(?)_NHDN(Ii) CHnO19?O

E_UIVALFNCE (RHO_(tO_t_RHD_(_;) CHn_lq_O
= EQUIVALFNCE (CONDO(2I_COND(_II _H_OlO_0

EQUIVALENCE (TEMPAI(1)_TSIIII_IDELTAX(|!_PARTIN(1)} CHDOI950
EQUIVALENCE {EMBM(1)_PC(1)) CHDOlq60

i FQUIVALFNCE (XMDOTGtGAS) CHD01qTO

, EQUIVALENCE (MNOD_NNP) CHD01980
EQUIVALENCE {RH03(307)_ PC(])|, (RHO3135O)tAREAC(1)) CHDOlg90

EQUIVALENCE (RHOCPX(6_ItAREAIII_ARFAV(6_)} CHAD2000
' C _HD020_O

C**** ENTRY POINT TO SUBROUT!NE CH002030

_: C CHD02O_O
TAUOUT=TAUI+COMMAX CH_02050
GO TO (10_135271_NST CHD020bO

C CHD02070
C**** INITIAL SECTION--IO-2599 (PASS THROUGH ON FIRST ENTRY ONLY_ CHDG_080
C CHDO2090
C_w*e SETUP OF VARIOUS COEFFICIENTS-- SPECIFIC HEATt CHD02100
C_*** DECOMPOSITION REACTION FREQUENCY FACT_RS_HEAT OF DECOMPOSITION CHD02110
C CHDO2120

10 CONTINUE CHD02130
TWALL(I_I)=TS(NNP) CHDO21T0
DO 11J=lt_ CHD02220

11 CCPC(J) • RHOC*CCPC(J)/12, CH0022_0

103
- " I' IIII I I _,m ............... U __ I Jl

I

1969015273-111



DO 16 |=1riO CHD02Pa0
PO 12 J=l*a CH_02250

12 COEFT(J,I) = COEFT(J,I)*RHqV(I)/12, CH002760
ONE = RHOV(I)-RHOC CHD02270
IF IONE} 13,13,100!6 CHD02280

13 CONTINUF CH_02290
DO 14 J=l,_ CHD02300
EFCOLV(Jtll • 0. CHD02310
HDA(J,I) = 0° CHD02320

14 CONTINUE CHDO2_0
GO TO 16 CHD02360

10016 CONTINUF CHDO2350
TWO = 12,/ONE CHD02360
DO 20016 J=It4 CHD02370
EFCOLVIJ,I| • EFCOLV(Jg|IeRHOV|[)/ONEeOREORDV{JoI| CHD02380

, 20016 HOA{Jo[) = (CCPGIJ)-TWOe|COEFT(J_I)-CCPC|J))|/FLOAT(J! CHD02390
TEMPA = _36.67 CHD02400
HDA(_,|) = HOFh(II-(HDAIloII+(HDA|2oII+(HDAf3tII+HOA|4,I} CHnOZ410

I*TFMPA)oTFMPAt*TFMPAI_T_MPA CHn02420
16 RHOV(!I=ONE+IeE-IO CHD02630

DO 9 K=I.42 CHD02440
AREA{K)=I_ CHD02450

9 AREAV(K)=|. CHD02460
C CHD02540
C CHDO2_50
C_e_* ZEPOING AND INITIALIZATION CHDO2560
C CHD02570
C ZONE CONTROL VALUES SET CHD02580

IZBI1) = _19 CHD02590
IZRI2) = 187 CHD02600
IZPl3) = l&7 CH_02610
IBSP_ • 206 CHD02670
ZBSPH = 203 CHD02630
|H_N(]) = 1 eH_02660
NHDN(!) = 6 CHD02650
NHDN(2) - 4 CHD02660
NHDN(3) = 4 eHD02670
NZSN(]) = NN CHD02680
NZFN(I) • MNOD CHD02690
NRZON • 1 CHD02?O0
NLZON = 1 EHD02710

C CHD02720
|P = 3 CHD02730
NPEIN • I CHD02760
NPS2N = 1 CHDO2750

C NODE DIVIDERS SET CHD02760
ND|1) • NN CHD02770
ND(2) = 500 CHD02780

C ZFRO_NG CHD02790
DO 17 J=lt3 rHD02800
NSHLIJI = 0 CHD028]0

17 NSHR(J) = 0 CHD02R?0
DGAS = O. CH_O2R_0
GAS| • O. CHD02840
|=0 _HD02RS0

O
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WFtI):_, rHD02B60
IcavE1=e rH_0286_

15aVE?:O CH_02_6_

ISaVF4:0 rHD02864
|SAVE_=O CH_O2R65
ISAVE6:0 CHD02866

QGAS(1,1)=O, rH_02867
C CHDO?_70

ITFPT = 0 _HDO2RRO
NOTTUF = _ CH_02Rq_

C OTHER VALUES SET CH_O2q00
PERT_-OEOT!e3?o2 CHO02qlO
PERT2=PF_T2*32,2 rH_02Q20

NRt_C = 1 CH_02Q_0
NZONC = 1 CHD02q40
NST = 2 CHn029_0
ETA = ,005 CH_02Q_0

N_SW = 1 rH_2g?O
NCUT = | CHD02980
NPTSW = I CH002990
LFT = I CH_3000
LRT = 2 CHOC3010

DO 18 J=l,3 CHD03020
TAUST(J) = 0, CHD03_0
DTR(J) = 0, CHD03040
TEPPST(J} = TS(NN) CH_03050

18 CONTINUF CHD03060
C CH_03070

C**** SETUP OF TEMPERATURES AND DENSITIES ¢H_03_80C**** PLACEMENT OF NODAL WIDTH VALUES INTO OELX _RGAY CHD03090

C CHD03100
XLEFT(1)=0, rH_03110

XSAVE=O,6*PARTIN(1t+XL_FT(1) rHh031_O
_0 19 J=IINN CH_03130

I : _AT(J) CH003140

RHOI(J) • RHOV;I) CH_03150
XLEFTIJ+])=XLEFT(J}+PARTIN(J) CHD03]60

lg DELXIJ) • PARTINIJ) CHD03170
DO 20 I=I,MNOD CHD031B0
TEMPA2(]; _ ISII) CHD03]90
TEMPA_III = TSII) CH_03200
RHO2(I) = RHOIII) CHD03?]_

RHOS(II • RHOIII) rH_03??O
J = I+IRSPM CH_03230
RHOIlJ) • RHOI(I) CHD03_60
RHO2(J) = RH01II) CHD03250
RHO3IJ; = RHO|fI| CMD03_60
RHO4(JI = RHOI(II CH_03270

20 PHOS(J) = RH01(il CM_03_80
I = IZ8(l;-1 CH003290

TEMPA • TEMPAI(NN! _HD03310
C_*_ SETUP OF FRONT ZONE ¢HD03320

ONE • (TEMPA|(MNOD}-TEMPA|(NNI|/FLOAT(NHON(||! CHD03_30
00 30 J=ItK CH_03340
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I = I+! rHn03_50
TE_PA|(1) = TEMPA CH_0_60
TEvPA2(T) = TFMPA rHD03_70
TEMPAS(II = T_MPA rH_03_B0
TF_PA = TE_A+ONF CH_O3_90
RHOI{I) = RHCI(NN) _HDO_400
RHOP(I) = RHOI(1) CH_03410

30 PHO_(1) = RHOI(1) CHDOIA_0

HOLD=QHOC-CHARRO CH_036_0
DO 60 J=It_O_ CH_01A4O
CARANI(JI=CHARRO CH_OtA_O
CARBN&(J)=CHARRO CHD03460
G_AF|(J)=O, CHD03470
_;RAFS(J)=O= CHD03680

SILCAI(J)=HGLD CHD03490
SILC_5(JI=HOLD CHD03_00

PYROIJ)=I, CHDO351q
F_WT(J)=^IRM F_03_O

40 CONTINUF CHO0_0

_0 _0 J=I,10O CHD035_?
50 EDFLUXiJ)=O, CHD035_

C CHD03560
Coeeo SETTING OF TIMES AND DELTA TIMES CH903550

C CH_03560
TAUOUT = CO,MAX CH_O3_70
DTAU • COMMAX CH_03_80

_11 DTAUS • DTAU CHDO3590

_TAUC = _TAU CH_03600
DTAUX • O,SeDTAU CHD03610
TAU1 = O, CHD03620
TAU_ = DTAU CHD036_0

,_ C CHD036_0
Ce*la NORMALIZED DISTANCES AND NORMALIZED NODE WIDTHS CHD03650
C CHD03660

IY_ = ND(1) CHD03670
_N_ • XLEFTiMNODI-XLEFT(IYS) CHDO16RO
DO _30 J=IYS_MNOD CHDO3690
DISTL(J) = (XLEFT(J)-XLEFTIIYSI)/SN] CH_O3?O0

_30 D_LX|J) = DELX(J)/SNI CHDO37|O
C_* CHD03?2O

SCHFCK • O,_*SNI rHn_!7_O
C CHD03740
C_e_ CALCULATION CONTROL--2600-_686 ¢H_03750
C CHD03760

_600 NPBSW • IP CHD03??O
MARK = 1 CHD03?80
IG • I CHD03_90

LANDID = I CHD03800
NRID • N_IDC CHD03_|O
NDC • I _HD03_0
NDCM = I CMD03R_0

260t IG2 =_ IG CHD01860
GO TO (_606_2614t2615)tNPBSW CHDO3R_O

2606 NENDIIIGI = NBSW+5 CHD03R60
NCSN(IG) = 1 CHD03R?0

O
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/

?A_R NC_I(IG) = NDFIN _'_nn3RqO
NSW = ] CHD03qO0

261& NBNDI(I_) ', CHDo3q?0
NC&N(I6) = _[",2_ CHm039_0

GO TO 2620 CH_O3qG0
26|_ NBNDI(IG} = NRSW+_ rH_O3qS0

NC_N(|GI = } C_D03q60

2620 NZON = NZONC CHD0_q70

NRND&T = 5 eHD03qS0
IGC : 0 CHDO_O90

262K IF (NCSNIIG)-NZSNINZON))2628,26&_,2&&A CH90_000

2628 IF (NZSN(NZON)-NDINDC)) 2635,263_,?_2q CND040|O

262q IF (NCSN(IGI-NDINDC)) ]26_O,1262q,]_6_q CHDO_020
1262q LANDID=_ CHDOaO_0

NDC : N_C+I CH_O_040

NDCM=I CHD04050
IGLD=IG r:m04060

GO TO 2635 CHD04070
12630 NCENIIGI=ND(ND£) CHDO_080

NDC = NDC+I CHDO_090

LANDID=2 CHD04]O0

NSW = 5 FHDO_I]0
NDCM = ? CH_0_120
GO TO 2640 eND04|30

_63_ NCENIIG) = NZ_N(NZON) _HDO_]&0
NSW : 2 <HDO_]50

2640 IGTYP(IG) : 0 CHD0_]60

JHDN = ] CHDO_170
IBSIIG) = NC'SNIIG) CHDO4]RO

GO TO 2660 CHDO&]90

2_A IGC : IGf+l CHmOA_O0

IF (NZENINZON)-NDINDC]) 26_R,26&6,2&_ rH_04?lO
26_ IF (NCSNIIGI - NDINDCIII26_&_I_6&5,I_&_= CHDO_220

126_5 LANDID : 3 rH_O42t0

NDC = NDC + | CHDO_t&O
NDC_=I CHDO_250
IGLD=IG CHO0_260

GO TO 26_8 r_04270

12646 NSW = 2 CHDOa2RO
GO TO 26_7 CHDO47qO

_8_6 NSW = 3 CHD0&_00
26_7 NCFNIIG) = NDINDCI CHDO_310

- NDC - NDC �p�CHDO_320"
NDCM = 2 CNDO_30
LANDID = 2 CHDO_3_O
GO TO 2655 CHD06350

2668 NCEN(IG} = NZENINZON) CHDO_60 :
IF INZENINZON]-MNOD) 2650_2651$2651 CHDO_570

26S0 NSW • 3 £HD0_380
GO TO 26_5 CHD06_90

265] NBNDST = NASW CHD04_O0 !
NSW = _ CHDO_IO

2655 IGTYPI|GI " NZON CHD044_O

I
1
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JH_N : NHDNINZON) rHhO_4_O

IZGINZON_IGC)- IG rHDO4AAO
IZGTINZON| = IGC CHDO465e

IF (IGC-], 2657_2657t_6&_ "HDO&460

2656 IBS(IG) = IBE(IG-I) CHD04470
GO TO 2658 CHD04480

26_7 IBS(IG) = IZB(NZON) CHDO_490

2658 IF (NZON-NRZON) 2660t26&q,2660 CHD04_O0
26_q NRSWIIG) = I CHD04_]O

NRID = 2 CHD04520
GO TO 2_6] rH_0_30

2660 NR_W( '_ = NRIDAu) CHD045w0
26A1NSLABIIG) • NCEN(IG)-NCSNIIG) CHfl04_50

N"ABHIIG) = NSLAB(IG)mJHDN EHD04560

IF (NSLABH(IG)-40) _666_2666,2680 CHD04570
2fl NBND2iIG) = NBNDS? CHD04580

IB_!IG) = IRS(IG) IG)CHDOw590

NDCM • 1 CHD04600
IF (LANDID-?) 2667P2669P2668 CHD0_6]O

2667 NLSWIIG) = 1 CHD04620
GO TO 2670 CHD04630

2668 NLSW(IG) = 2 CHD06640
GO TO 2670 Cl1D04650

2669 NLSW(IG} = I CHD06660
IGLD=IG p�CHD04670
LAN_I_ - 3 CHD04680

2670 IGL = IG FHD0_690
IG = IG+1 CHD04700
GO TO (2671_2672t2673t2675t2674}JNSW CHD04710 \

2671NPBSW = 2 CHD0_720 J
GO TO 2603 CHD0_730

2672 NCSN(IG) = NCEN(IGL) CHD04740
GO TO 2644, CHD047_O

2673 NZON = NZON+I CHD04760
IGC = 0 CHD04770

2674 NCSN(IG) = NC_N(IGL) CHn04780
GO TO 262_ CHD04790

2675 MG = IGL CHD04fl00
NOF = IBEIIGL| CHDO4R]O
GO TO 268_ CHD06R20

_680 NSLABIIG) • 40/JHDN CND04830
?:rr, ") • NCSNIIG)+NSLABIIG) CHDO4R40
NRND2IIG) • 5 CHD048_0
NSLABHIIGI • NSLABIIGI_JHDN CHD06R60
IBEIIGI • IBSIIGI+NSLABHJ|E) CttD04870
GO TO (12683o12682) _NDCM CHD04880

12682 NDC • NDC - 1 CH_04890
NDCM = 1 CHD06900

12683 CONTINUF CHD049]O
IF ILANDID-2} 2682_2682t268_ CHD_6979

2682 NLSWIIG) _ 1 CHD06930
GO TO 2684 CHD04960

2683 NLSWIIG) = 2 CHD04_O
2684 IG • IG+I CHD04960

NCSNIIGI = NCENIIG-I| ¢H_04970
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GO TO {2608,2625,76_,26_,2625),NSW CHD0_q80
C CHDO4gqG

C ,*#o CALCULATION OF NODE WIDTHS rn_ _AINnR NODFS rHo050O0
C CHD05010

268_ DO 2686 IG:IpMG rHD05020
NZON = IGTYPIIG) CHD05030
ONE = NHDN(NZON) CH_05040

JCSN = NCSN(IG) CHn050_0
JCFNM = NCENIIG)-I C_F)OSP_O

DO 2686 K=JCSNtJCFNM CHDhSflTO
DELTXiK) = DELX(K)/nNE CH_05_0
DELTAX(K) = DELTX{K) CHD050oo

2686 CONTINUE CHD05100

DELTX (JCENM+I} = DELTX (jCENM) CHD051.O

DELTAX(JLENM+I} = DELTAX(JCENM) CHD05120
C ?HD05130
C_ CHECv COMMAX (DELTA TIME FROM CHAP) CHn05_0

C**** AND @ESET DTAUt PREDICTED TEMPERATUPESt AND PREDICTED DENSITIES CHD05150

C*i*w IF DTAU LARGER THAN COMMAX CHD051_0
C CH_05IT0
12687 CONTINUE CHD0518u

IGR=IZGINRZONtl) CHD05190

IF (IGR-I)I2688,]2688P12689 CHD05200
_2688 16R=2 CHD05210
176R9 CONTINUF ?HD05?_O

BLPRESINtL)=FONEVITAUI_ISAV_2tTI_E4oPP_NDOTS(_)_]! CHD052_0
CALL SUBZ (ZWALLtTEMPAI(NOF)oRLPRESINtL)I CHDO_2_0
BLDENINtLI=BLPRESIN_L)_AIRM/IZ_:ALL_GC_NeTEMPAI(NOF)) CHD',_250

FLOW(N,LI=TBSIEP(TAUI,TI_E_,F_NDOTSI_I) CH_O52"t0
FIN,L)_FONEV(TAUI_ISAVE2_TIME_AST,NDeTS(_)_]) CHD0527_

HCONVIN_LI_FONEV(TAUI_ISAVE6_TIME_RH_NDhT_I_),]) CHD05277

CFXO=O,_I*BLDENIN,L) CHD0_278
CFXN=_,Tq_BLDEN(N_L) rHn_5280

CALL FLOWS CHD05_9O
CALL DIFUS DO ,I,DCOO ,CFXr, ,AFPOI CH_05_O0
CALL DIFUS DN ,2,DCCN _CFXN *AERN) CHP05310
CALL DIFUS DH ,3,DCOH _CFXH sHYD ) CHD05_2O

CALL DIFUS DPY_,DCOPY_CFXPY=PYRO) CHD05330
CALL DIFUS DSI,B_DCOSI_CFXSI_SOX ) CHPO53kO

CALL DIFUS DCM,7,DCOCM,CFXC',_BU_N) ?HD05350
CALL MOLWT ?Hn0536_

7687 CONTINU_ rH605_TO

IF (TAUOUT-TAU1-,gg*DIAUI 2688_?_q0_2&qO CHDO5_80

2688 DTF=ITAUOUT-TAUI)/DIAU CHD05390
GO TO 3296 CHD05_00

' C CHD05_10
C*_** SETUP OF COEFFICIENTS AND CALCULATION _F TE_PFRATURES--2690-3q_0CHDO5620
C CHD05630
C_*_ ENTRANCE HERE FROM 3360+ FOR RECALC _F ALL GROUPS--DTAU/_ _H_056_0
C CHDOS_50

2690 NXSW = 1 CHD05660
ITFR = I CHDO5670
ITERT • ITERT+I CHDOS_BO
IERR = 1 CHD05_90

C CHD05500

(
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CtWW* FNTRANCE HERE FROM 3_75 �FORDECALC OF ALL GROUPS CHD05510
C CHD05=20
2891 CONTINUF CHD_5530

IG = 1 CHD055_ _
WFX = O, CHD05550 -:
FHTX = 0, CHD05560

PCX = 0, CHD05570
JBX = O_ CHD05580
EDFX = 0. CHD05_90
WFDX=O® CHD05600

WBRNX=O® CHD05610
WDEPX=O, _HD05620

WSIX=O, CHDO)_30
_EPX=Oe rHD05663

DWFDX=O® CHDO_7

C CHPO_b_t_
C*_ CALCULATION OF _ASS eECESSI_N RATES CHD0565_

C CHD05560

TEMPA • O,Se(TEMOAI(NOFI+TE_PA_(NOF )} CHDC'_6i_"
GAS = GASI+DGAS*DTAUX CHDn56_0

CALL RECEED(TEMPA) CHDO_690
I=MAT(NN) C_D05?_0
SLGP=),I2_SLOPF(1) CHD_710
CALL BLOCK(XMDOTC_TRCHAR_GAS,SLOP_HCONVIN_LItFLOWIN_LJ.PHI) CMO_5720
REFCTR=I, CH_5_3O
pSI=PHI,F(N,LI*_632._O._m+(l.E4/TWALLIN,LIl CM_.5740
EROC!1)=_3,672 CH_57_0 t

FR0C(21=,3347 : CH_O5760 n i '_' o
IF (PSI,LT,3,3) GO TO 6600 CHD057i0 -

IF (PSIoGT+9.0) GO TO 4550 CHD05780 t
EROC111=-_,22915 CHDOS?90 ._ .
EROC(2)= 1_36_09 CHD05800
GO TO &_OC _HDOSR|0 I

_50 FROC(_)=-9,0465_ CHD0_820 i +.

• EROC{2)=6_35877 CHD05830 ! "" "
_600 PSI=ALOGIO(PSI+I,E-15) CHD05860 .> _'

ERODE=EROC(II+PSI,(EROC(ZI+PSI_(EROCI3I+pSi_EROC(4))I CHD05850

ERODE=I20,/16,SI*IO,**ERODE CH_OSR60. "i-
JRSW=NR%W(MG) CHD05870+
GO TO (269_t_695t2606ItJRSW CHDC5880

269_ CONTINUF CHD05890
SDOTN=I_XMDOTC-ERODEI/IRHOC+RHO2(NOF-1))_12o CHDO5900
GO TO 2692 - CHD05910 ' '._

2695 _DOTN=(-XMDOTC-ERODE)/(C_RBNliNOF-1)+S|LCA1 (NC_'||+GRAF|INOF-1J) CHD05920
le12, ., CHO05930

2692 CONTINUF CHD05940 . ...._
SDN " SDOTN_TAU/2, CHD0595D" -
SN • SN1+SDN C_05960

C CHD05_70
C_ CHFCK SiZE OF FRONT NODE AND ADJUST D1AUt IF CHDOSq80
C_ ee NECESSAR_ TO PREVENT TIME 1TEP BEIN r TOO LARGE CHD05990
C CMDO6OO0

1F (SN +0�x�226_,+_22710_22710CHD0603?
22696 DTF = -SNltI2,*_DNI CHDO6OhO

NCUT = 2 JCHDO6030
J
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GO TO 32q6 CHD060_0
27710 CONTINUE rHno60_0

C CHD06060
TE_PA_(1) = 0.5_(TEMPAI(II+TEMPA_(III eHD06070

C CHD06080
Cee mo CALCULATE DELTAX CHD06Og0
C CHD06100

_0 2696 J=IYS_MNOD CHD06IlO

2696 DFLT6X(J] = D_LTXIJ)eSN CH_06120
C rHD06130
C*ee_ ENTRANCE HFRE FRO_ 3225�FOR CALC OF NEXT GROUP CHD06140
C CHD06150
C m_uu _R_F IN!T!AL!ZATiON CHD06160
C CHD061_O
12696 JBS = I&S(IG) CHD06180

JBSM = JBS-I CHD06190

JLSW = NLSW(IG) CHD06200
JnSW = N_SW{IG} CHD06210
JE1 = Nc _?,H(IG) CHD06220
JE = j: _I CHD06?30
JE2 = _c.-1 CHD06240

ND1 • NBNDI(IG)-3 CH006250
• _,';D2 = NRND2(IGI CHD06260

IGL = IG-I CHD06270
JRF = InP(IG} CH_062BO
JBEM = JBE-] CHD06_90
JCSN = NCSN(IG) CHO06300
JCEN =-NCEN(IG} CHD06310

- JCENM • JCEN-1 CHD06320
; IGC • IGTYP(IG) CMD06_30

JHDN = NHDN(IGC) (HD06360
./SLAB = KSLAB(IG) CHD06350

JBSP_ • IBSPN+JCSN CHD06360
JRSPN • JRSP_-I CH_06_70

C CHD06380
' TWO = SDN/I2*:_N/ CHD063_O

WFXX • WFX CHD06400

FHTXX '= FHTX CHD064_O

CONOXX = CONDX CHD06620
• JBXX • JBX CHD06630

PCXX = PCX CHn06640
EDFXX=EDFX CHD06650
_FDXX=WFDX CHD06460
WDEPXX=WDEPX CHD06670

.] WStXX =WSIX CHD06480
WBRNRX=WBRNX CHD06490
DE_XX=OE_X CHD06503
DWFDXX=DWFD) CHD06_0?

C CHD06_IO
Cmlee _ETUP OF NADD hRRAY (NUM_FR OF _H_06_20
Ceeee _AJOR NOOES OF SAVF MATFRIAL ANh WInTHI CHD06$_0
C CHD06540

JX x _ CHD06550
IY • JCS_ CHD06560
IZ = JCENM-1 CHD06_70

(
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12697 NADDIJX)=I CHD06580
2697 IX = IY CHD06Sg0

tY = 1X+] CHD06600
IF (IX-TZI 2698o2698t2702 CH006610

2698 IF (DELTAX(IY}-DELTAX(IXI) 2701t2699t2701 CHD06620
2699 IF (MAT(IYI-MAT(IX)) 270|_2700,2701 CHD06630
2700 NADD(jXI = NADD(JX)+I CHD066_0

GO TO 2697 eHO06650
2701JX - JX+l eH_06660

GO TO 17_q7 CH_06670
C CHD06680

2702 GO TO (2708,2703)oJLSW CHD066q0
C CHO06700
C_m_e CALCULATION OF THE LANDAU NULTIPLYING FACTOR CHD06T|0
C CHD06720

2703 CONT|NUF CHD06730
KK = 0 CHD06740
DO 2707 J=JCSNoJCFN CHD067_0
KK = KK+I CHD06760
! = _K CHD06770
EMI(KK) • TWO*DISTL(JI/DELTX(J) CHD06780
_F IJ-JCEN) 2704m_TOTt2707 CHD06790

2704 K = 2 CHD06800
2705 IF (K-JHDN) 2706o2706o2707 CHD06810 ;
2706 EMT(_K+I) • EMI(KK)+TWO CH_06R20

KK = KK+I CHD06830
K • K p�CHD06840
GO TO 2705 CHDO6RSO

2707 EMI(I' = TWOe2,tDISTL(JI/(DELTX(JI+DELTX_J-1)) CHD06860
2708 CONTINUE CHD06870

C - CHD06880
CQeWm ENTRANCE HERE FROM 3325+ FOR RECALC OF FRONT GROUP CHD06890
Ceeee CALCULATE TEHPA3 AND TEMPA6 CHD06900
C CHD069|0

27]0 DO 2711J=2tJE CHD06920
K = JBSM+J CHD06930
TEMPA_(J) = O,Se(TEMPA|(K)+TEMPAq(K)) CHO06q60

_71| TEMPA4(J-1) • O,_*(TEMPA_(J) PA?(J-1))CHD06950
TEMPA4(JF) = TEHPA_(J_| CH_06q60
NSTILL=I CHD06970
GO TO (27ql,2712,2716)tJ_$W CHD_6qSO

2717 I=MATiJCSN) FH_06qgO
IF (RHO]JJB_)-,0I) ?79]t2?qlt_71_ CHD07O00

2716 CONTINUF CHD070]0
NSTILL•2 CHD07020
GO TO (2750o;716)oJLSW CHD07030

2716 CONTINUE CHD07040
C CHD07050
C_mee CALCULATION OF DFNSITY FOR LANDAU GROUP CH_07060
C CHD07OT0

K = O CHD07080
KL = JRSM CHD07090
I =MAT(JCSN) CHO07t00
KK • JBSPM+J_LA8 CHO07|tO

2720 K • K+] CHD07120

112 0
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_L = _L p�CH_071_0
CALL RHOgR (KtKL) rH_OTl&0
IF (K-I} 2720o2720o2732 _HD07|50

2732 IF (K-JE1) 2734t27_t2736 CHD07]60
273? RHOI(KL+ll = RHO](K_) eHD07170

RHOS(KL*1),RHOS(KK) CH_O71RO
2734 D(K) = (RHOI(KL+])-RHO|(KL-1IIeEMI(KI ��”�p�(KLImENBN(KI+AREAC(K)CHD07]90

IW_TAU CHD07?O0
GO TO 2720 CH_721_

2736 ONE = EURM(_)-_.mFMI(_) CH_07?_0
C(V) = _,IEMIIK)/ONE rHD07_0
D(K) • ((EMBM(K) (KIIeRHOI(KL)-(4=°RHO|(KL-1)CHD07260

]-RHnl(KL-2)I=EMI(K)+AREACIKI-DTAUI/_NE CHD07250
THREE • -E_I(K)/ONE CH_07260
K = _-1 CHC07270
TW_ = EM_M(KI+EMI(KteC(K+I) _H_07280
C(K) . FMI(_|_(I,+THR_F)/TWO CH_O72QO
DIK) = (D(KI+EMIIK)WO(K+II)/TWO CHD07_O0

2737 K = K-I CHD07310
IF (K-I) 2760o2760t_738 CHD071_0

2?38 ONE = EMBM(K)+CIK_I)WEMIiK) CH_07330

C(K) - _MI(K)/ONF CHD07340
D(K) = (D|K)+D(K+I)wFMI(K)I/ON_ CHnO?350

GO TO 2737 CHD07360
2760 RHOS(JBS) = RHO](JBS)+AREACI1|_DTAU/EMBM(1) CHD07_0

KL = JBS CHD07380
DO 7762 K=2_JE_ CH_07390
KL = KL+I CHD07_O0

2762 RHOS(KL) = D(K)-C(_)_RHOS(KL-I) CHD07_10
RHOS(KK) = DiJEI-C(JEI_RHO_(KLI-RHOS(KL-II_THREE CHD07_20

( GO TO 277_ CHD07630\
C CHD07_O

C_e_e CALCULATION OF DENSITY FOR REGULAR GROUP CHD07650
- C CHD07660

2750 IX • 0 CHD07670
K • 0 CHDO7680

_ KL • JBSM CHD07_90
KK • JBSPM CHD07500
IN • JCSN CHD07510

2760 IX = lX+I CHDO_20
I • MAT(IM| CH_07_?_
IM - IM+NADO(IX) £H_075',_
lJ • JHONINADD(IX) CH_07_SD
KK • KK+NADDtlX) CHDOT_60
DO 2763 J=l_IJ CH_07570

-: K • K �t�CHD07500

KL • KL+t CHD07Sg0
IF (RHOt(KL)-o0teRHOV(I)! 2761o2761o2767 CHD07600

2761RHOI(KL)-0o _H_076]0
RHOS(KLI=0¢ CHD07620
GO TO 276_ CHDO76_O

2762 CONTINU_ _HD076_O
CALL RHOSB{_tKL) CHD07650 |
RHO_(KLI_RHOT(KI, I+AREAC(KI/ENBM(K)_DTAU CHD07660 _ ]

2763 CONTINUE CHD07670

k
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KtK+| CHD07600
CALL RHO_B(KoKK! CHD07690 t
RHO_I{K) - PH_1I_)*ARFACIKI/EMB_(K)iDTtU CHD07700
K'K-_ CHD07710
IF (IM-JCEN) _760t2764t2764 CH_07720

2764 CONTINUE CHD07730
C CHD07740
CotWo CHECK TO SEE THaT RHO5 1S GREATER THAN ZEROS CALCULATE CH007750
CtOO_ RHO_0 RHO4t GAS FLOWo AND _EACT|_N HFAT CHD07760
C CHn07770

2774 IX • 0 CH007780
K • 0 CHD07790
IJzO CHD07800
!K=JflON CHD078|O
KK - JBSP_ CHn07_O

KL - J_SM CHD078_O
IM • JCSN CHD07840

2Y7_ _X wlX+| CHD07RS0
I • MAT(IM} CHD07860
IJ=IJ+JHDNgNADDIIX) CH_07R70

12775 KK : KK+| CHD07880
2776 K • K+! CHO07R90

KL _ KL+| CHD07900
IF (RHO_IKLI-e01I 2777o2778t2778 CHD079]O

2777 RH_(KL) : 0e _HnG7920
2_78 RH_IK) • (RH_]I_LI+RHO_IKLI|I_o CH_07_0

GO TO I]2779P2779)oJLSW CHD07940
|277Q WFP • (RHO1(KLI - RHOSIKLI|tOTAU CH0079_0

GO TO 2780 CHD07960
•, 2779 WFP = RATEIKL)mlRHO|IKL)-RHO_IKLII-AREACIK) CHD07970

??R0 WFDIKLI#WF_eDELTAXIIM)wAREAVIKII]2o CHD079RO
TEMPA • TEMPA_IK) CHD079_O .....

TWO . HDAI_tlI+(HDAi|t|I+(HDAI_tl)+fHUAI_*II+HOA(6o|I CHD08000 )
IeTFMPAI_TEMPAIeTENPAI_TF_PA CH.O80]O

IF IK-1I 2701t2781t?787 CHD080_0
278] ONE • 0,SIWFDIKLI CHD08030

WFDIKL)=_FDX+ONE CHO080_O
WF(KL) • WFX  ì�|�CH008050
FHT(K! = FHTX-ONEeT_O CHD08060

: GO TO 278_ CHDO8070
_787 RHO_(K-|| • (RHO_(K-|I_RHO_IKI)/_, _HD08080

FHT(KI • -TWOe_FDIKLI rH_08090
WrIKL) • WF(KL-|I+WFD(KLI CH_08100.

2783 IF IK-IKI 2776_12783t12783 CHO08110
12783 CONT_NU_ CHD08120

|K - IK+JHDN CHDO8130
IF (K-IJ! 1278kt2784t278_ CHDOB|k0

_2784 RHO_(KKI • RHOSIKL+|I CH_OBI_O
IF IRHO_i_KI-,O|| |S785t_27R6t|27R6 CH_OR|60

1778_ _HO_IKKI • 0e CH_08|70
12786 CONTINUF CH_08|80

GO TO 12775 CHD08|90
2786 IF IRHOSIKKI-oO_I 278_t?786t2786 CHD08200
2785 RHOS(KKt • O, CH0082]0
_7_6 RHO_(_KI = eRHO|(KKI+RHO_IKKII/_e CHD08?20

! ,,, . O
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• CH_087_0
RHO6(K) (RH_IK|+RHO_{KK))/_e
GO TO (1_787t?78?)*JLSW CHO08740

12787 WFP m (RHO|(KK) - RHOS(KK))/OTAU CHD08250
GO TO 2788 CH008260

2787 WFP w RATE(KL+|)e(RHO|(KK)-RHO_(KK))-AREACiK+]) CHD08270
2788 ONE=WFPe0,SeDELTAX(IM)eAREAVIK+I)/|2, CH008280

WFX • WF(KL)+ONE CHD08290
WFDX=ONE CHD08_O0
TFMPA • T_MPA_(K+|! rH_08_10
TWO • HOAI_tl)+(HDA(lm|I+(HDA(2tl)+(HOA(3ol)+HDA(6tl} CHD08320

|_rFMPA)eTEMPA)eTFMPA)eTFMPA CHn08330
FHTX • -ONEtTWO CHD08340
|M • IM+NADD(IX) CH0083_0
IF (IM-JCENM) 277_,27"_278o CH_OB_50

2709 WF(JBE) w WFX CHD08_T0
WFD(JBE)=WFDX CHD08_80
_0 TO 3000 CHn08390

C CH008400
: 279] DO 2793 J=lmJE CHD08410

K = JBSM+J CHD08420 "
': RHO3IJ) N RHO_IK) CHD08430 "

2793 RHO4(J) • RHOS(K) CH008440

GO TO (2794_2797_3000)PJRSW CHD08450
2794 DO 2795 J=JRSmJBE ¢HD08460

WFD(J)=O, CH_08470
779_ WF(J) s 0 CHDO8480

GO TO 3000 CHD08490 _
2797 DO 2798 JxJBSejBE CHD08500 "¢

WFD(J)=O, CHD08510 '_
279B WF(J) = WFX CH_08520 _

/ WFDIJR$)-WFOX CH008_30
_, 3000 CONTINUF . ¢HD08_40

C CH0085_0 J
CeeSm CALCULATION OF DEPOSITION AND OTHER REACTIONS CHD08560
C CHD08570 l

DWF_X•DWFDX+s3767eIWFX-WFXX| CH_OB_7_
GO TO (4990mSOOO_4990)_JRSW CHO08580

4990 DO 699_ J=JBStJBE CHD08590 !WBRNiJ)-0, CHDOB600
i WS|iJ)=0, CHD08613 '

,,'} _DEP(J)=0, CH_08670 1699_ CONTINUF CHD086_O
GO TO 5110 CHD086_O

_000 CONTINUE CHD08650

KL=JBSM CHD08660
' DEL'0, CHD08670

SAVEm 0e CHD086BO

DELAY= OFLTAXIJCE_I CH_086_0
• DELTAX|JCEN) m 0, CHD08700
; ,, O0 EIO0 J=]tJE CH_0BT]O

KL=KL+| CHD08720

i TEMP_=TENPA)IJI CH_08750
KmLLD(KLI CHDOB?40
WF(KL)mWFIKL)+SAVE CHD087_3

; DACT=DWFOX'_EPX CH008757
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CALL SIC (K+KL_TEMPAtDEL) CHOOB75E
CALL _FPO (K.KLtTFMPAt_FL| rHn08760
DEPX=D_PX+|.t_3_eWDEPlKL| CHDO8?80
_NE=DWFOX-DEPX CH_0B?B|
IF lONE) _O90.50q2t_097 CHD0878_

5090 W_FPlKL)=WDEPlKL] NECH_0_783
DEPX=OWFOX CND08786

5_92 CONTINUE CHOOBTB_
HOW=W_|!KL)-W_EPIKLI KL)Ch_0B?R6
WFlVL)=WFiKL) �ä�t�CH_08787
SAVE=SAVE+HOW CHD08788
DFL=_FLTAXlK) CH_08789

5|00 CONTINUE , CHD08790
GO ?0 (5108_5101).JLSW CH_08800

5101 CONTINUE CHD08810
K=0 CHb08820
EF=?,*SDN/SN1 CHD08_30
DO 5_0_ J=JRSmJBEM CH_08R40
K=K+t CH008850
EK=K CHD08860
EK=EKIEF CHDOB8?O
S|LCAS{J+_I=SILCAS(J +EK)-SILCASIJIeEKCHD08880
CARBN_{J+|I=CARBNS(J+|)ei].+EK|-CARRNSIJ)eEK CHDOSR_J

5102 C_NTINUF CH008900
, _108 CONTINUF CHDOSq|O

DELTAX(JCEN) = DELA CHD08920
WDEP(JBS)=WDEP{JBS)+WDEPX CHDOBq_0
WSI(JBS) =W_IIJB_I+W_IX CHD0894_
WBRN(JBS)=WBRN(JBSt+WBRNX CHD089_O

5riO CONTINUE CH3J8960
WDFPX=W_FPIJBE) CH_08970
WSIX =WSI(JBE) CHD08O80
WBRNX=WBRNiJBE) CHDOOqPO
WFX=WF(JRE) CHD09000

_00 CONTINUE CHDO9010
C CHDO902q
C_ee_ CALCULATION OF THERMAL CAPACITYtCONDUCTIVITYtENERGY DEPOSITION CHD0903O
C CHD09O6O

] tX • 0 CHDOgO6O
K • O CHD09070
_K u J_SPM CHDOgogo
Kt _ 1 CHD09OP_
IM • JCSN CHD09100

3005 IX • IX+I CH_091_0
I • MATIIM) CHD09|20
IJ • JHDN_NADDIIX_ CHD09|_O
KK = KK+NA_IIX] Ct,_Oql_03

_0 t015 JaltIJ CHD09|50
K • K �|�CHD09|60
PCIKI • PCAPF(K! CH_09170
EDFLUXIKI=EDFLUXIKIeDELTAXIIMIi|?_elRHOVI|I+RHOC) CHD09180
CONDIK)=CONDFIK) CH009190
IY=JBS+K CHD09_O0
OCONDIIYI=Z._CONDIKIeITE_PA3(K+II-TEMPA_IK)) CHD09210

_Ol_ CONTINUF CHD09220

,, e ,,,,,,, ............ , ..............................
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(
PCIvl ! = (oCX+PC(K]))/?e rHDO92_0
EnFLUXI_I)=(EDFX+EDFLUX(K|I)/?, CH_0%2_0
K| • _+1 rH_09250
ONE • RH_Ivl} CHD09_60
RHO_(K]| = RHO3(KK) rH_09270
PCX = PCAPF(K1) CH_O92BO
EDFX=EDFLUXIKI_=DELTAX(|MII]2eiIRHOV(|_+PHOC) CH_g2q0
_HO_(KI) = ONE CHDOqIO0
IM = IM+NAnnIIXI rH_09110

3031JRX = JRSM+K _H_09_t0
CON_X • (ON_(K) rH_09t40

C CHO09_50
Cl-o" CALCULATION OF MATRIX ELEMENTS CHDO93hO
C CH_09_70

t040 TEM_A](JBSM) = TEMPA|(JBXXI CH_O9_BO
J • 0 CHD09390
CON_(J) = C_NDXX CHD09400
WF(JBSM) = WFIJBXX| CHD094=0

DO 3060 J=ltJE1 CH_096_0
IX = J+JRSM CHD09430
IPLUS • IX+t CHD09660 ;,
INEG • IX-I CHD09450

CALL CPRA (JtlX_TEMPA3(J)tCPBARI CH_9660
GAGC • -WF(INEGI*CPRAR/6, C_09670
GO TO (_066tS_SI_JLSW CH_96_0

3045 GAGC • GAGC EMI(J)CHD09690
_46 C_J) • GAGC+COND(J! CH_09500

AiJI • -GAGC -1)CHD0951OGK _ AIJt, �ä�x�CHDO95ZO
DIJ! = C(JIeTEMPAI(IPLUSI -GK)*TF_PAIIIX)CHD09_O

t EMPA1(INEGI (J!CH_09_6O
"_ R(JI • P(IJI �p�c_n09_50

GO TO (_O60,30_2tqO_6ItJRSW rH_OgE60
3052 CONTINUE CH_09S70

DIJI=DIJ)+WDEPIIXIeODEP+WSIIIXIeQSI _OBRNCHDOgSRo
GO TO (3060_3056)_NSTILL CHD09590

3056 D(JI = D(J)+FHTIJ) CHD09600
_060 CONTINUE CHD096]O

C CHD09620
¢tee, _#ECTOR--START|NG BOt!NDA_Y _F GP_UP CH_096_0

Cee_* |--I_!1_!--FIXED TEMP IBOUNDARY FOg FRORLFM START IN INTERIORi CHD09_40 :
C*_lm 2--I3|20!--INTERIOR INORMAL TYPE FOR BOUNDARY BETWEEN GROUPS| CHD09650
CeeOe _--13|O_)--FLUX DRIVE IBACK SURFACE! CHD09660 _ '

C*_* 6--I_11qI--TEMP DRIVE IBACK SURFACF) CHDO9670
C CHDO96BO

GO TO (_11_3_20t3|O_t_tlO|tJBNO| CHD09690-
3105 D(1)=COND(IIeTEMPAI(JBS+II+IPC(II-LON_IIIIeTEMPAIIjBS) CHDO9700

ONE • PC(11+COND(|! CHD09?20
CC'(JBSI _ -CONDI1)/ONE CHDO9T_O
DD(JBS) • C(I)IONE CHD09?40
60 TO t200 CH_09?_O

3110 SBK = 2eeCONDII! CHD09?6O
311_ CCIJBS) = Oe CH_09??O

DD(JRSI • TEMPA2IJR_" CH_O9?RO

o
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GO TO 3?00 CHD_9790
C_m m* INTERIOR BOUNDARY CHDOqRc0

t120 ONE = BIII+AIIIeCCIJBXXI CHDOgRIo
CC(JBS) • -CII)/ON_ CHDO9R20
DDIJBSI • (D(II+AII)*DD(JBXXII_ONE CHDO9bSG

3200 DO 3202 J-2,JEI CHD0gR_0
K • JRSM+J CHD09850
ONF = R(JI+A(J)eCC(K-II CH_OgR60
CC(K_ = -C|JI/ONE CH_OgR70

_202 DDIK) • (D(J)+A(J)e_IK-I||/ONF CH_09RRO
C CHDOgR?O
Cetme DIRECTOR--ENDING BOUNDARY OF GROUP CH_q9qO0
Cewa= I--I_240}--FLUX DRIVE (FRONT SURF;,CE! CHOOgq|o
CO,te 2--(3260)--'rEMP DRIVE (FRONT SURFACE) CHD07920
C*e_e 3--(3260)--NOT IN USE CHDO9q_O
Ct_Qw 4--(_22_).-FIXED TEMP _OUNDARY FOR PROBLEM END IN INTERIORI CHDOgq_O
Cv_*Q 5--(3725)--INTERIOR (NOR;_AL TYPE FOR BOUNDAPY BETWEEN GROUPS) CHD09qSO
C CH_09q60

GO TO (324Oo3210o3260o32251_225)tJBND2 CHD09970
3710 TEMPASINOF)=FONEV(TAU2*ISAVEIoTIME_tTTtNDOT_|_I_II CHD09qSO

GO TO 3260 CHD09?90
3225 IG = IG �€�CHDI0000

TEMPA3I|) = IEMPA3fJE) CHDIO010
GO TO 12696 rHDIO020

324_ PC(JEI = PCX CHD|OO_O
EDFLUWIJE)=EDFX CHDIO040
CALL CPRA (JEtNOFtTFMPA_(JEI_CPBAR| CHnlOOS0
GAGC • -WFINOF-1IoCPBARI4o+PC;JEI_EMIIJEI CdOlO060
IX • IBSPM MCHD|OO70
IM = JCE_M CHD;OOSO
TEMPA4(JE) • TEMPA3IJE) CHD|O0gO
RHOAIJE_ • ,-IO3llX) CHD|0100
I • MATiJCENM) CHDI0||0
C_ND(JE)-CUNDFCJE) CH_IOI_0
QCONDINOF+|I=4,oCONDIJEIw(TEMPA3IJE)-TEMPA4"JE|)| CHD10130
A(JE) • -GAGC+COND(JEII CH_10]WO
C(JEI • GAGC+CONDIJEI CHDIO|50
GK • AIJEI  �p"ä�|�CHDIO|60
B(JEI • PC(JEI+GK CHD1U|TO
GX • ,25e(CONDIJE)+COND(JE|)| CH_IO1BO

C CHD_O|90
C CHD%02OO
C CALCULATION OF FRONT SURFACE HEAT INPUT CH_10210
C CHD10220
C CHD10230

TEMPA • O_3_ITEMPA|iNOFI+TENPA_iNOF)) CHD|0240
! • MAT(NN) CHD10250
IX • 1 CHD|0260

13739 CONTINUF ?H_102?0
KK=IB_PN+MNOD CH_|0280
IF (RHOlI_KI-e98mRtiOVll)) 13240t1_?_1_13241 CHD10290 t

|_240 ONE • _RSC _H_tO_00
l

TWO • EMISC CHD|O$|O f
GO TO 13262 CHDIO_20 1

132610NF • ARSORPII | CHO|O$_O
[

/
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/ T_'O = EMIS(I ) CHDI0_40
137_20BY_AO,TWOW._RIE-12wTE_PAmm_ CHDI0_0

TIMF=TAUI CH_103_S
CALL _PCOM CHDI0360
XMCOM.XMDOTL+XMDOTGt(DIFREC-I.711) CHOI0_?0
IF(XMCOM)324_t_242t3242 CHDI0_R0

326l WMCOM=0, CH_I0_90
3262 QCOMR=HCOMWXMCOM CHDIO_O0

OSURL=H_UBeXMDOTS CHDIO41D
XIRINtL)=FONEV(TAUIolSAVE4tTIME3oXRIoNDOTS(1)ol) CHD]0420

(_!cC=FONEVITAUIoISAVESoTIME3tOMU_NDOTSI3)tl) CHDIO4_O
HCONVIN_L)=FONEV(TAUItlSAVE6_TIME3oRHtNDOTS(_Itl) CHDI0660
OTOT • OMiSC+QCGMB-CSUBL+QGPCOM CHDIO_fO
CALL SUBZ (ZWALL,TEMPAtBLPRES(NtL)) CHDI0660
CALL IWR {ZWALL,TEMPAtXI) CH_106T0
OCONV(N,L) = HCONV(N_LIWIXIRINtL)-X!) CHnl0A80
OTOTAL = OTOT+ONEmOGASIN,LI+PHIWOCONVINtL)-ORYRAD CHD10690
OT_TAL=OT_TAL_AREA(JFI CH_I0_00
GO TO (13?_tI_2A6),IX CH_IO_10

1326_ CONTINUE CH_IO_2O
QSAVE = OTOTAL CHDI0530
TEMPA • TEMPA+I0o CHDIO_AO
CALL REC_EDITEMPA! CH_105_O
IX=2 CHDI0S6O
GO TO 1_242 CHD]0570

1_24_ CONTINUF CHDIOSRO
D_ = -[GTOTAL-OSAVE)/_O. CHD!O_9O
GZ = DO�2* CHDI0600

{' GY • OSAVE+GZ_TEMPAS{NOF) CHDI06]O
ONE = CIJ_I/GX CHD10620
D|JEI=(PC(JE)-GK)=TEMPAI(NOF)+GK_TEMPAIINOF-1)+ONE_GY+EDFLUX(JE) CHO10630
GO TO (3244,1246t3243)tJRSW CHDIO64G

3246 GO TO I_2A?t3243)tN_TILL CHDI06_O
3263 DIJE) = D(JEI+2**FHTX CHDI0660
_747 CONTINUE _HD]0670

DIJE)=DIJEI+2,_(WDEPINOFIeQDEP NOF;_QSI+WBRN(NOF)©QBRN)CHDIO6BO
3246 ONE • BIJEI+ONE_GZ+GKeCCINOF-|) CHD10690

- C CHDIO?OO
I

C_e_ TEMPERATURE CHECK AND DETERMINATION OF D_RECTION CHD|0710
; Ct_ _e OF FURTHER CALCULATION CH_10720

C CHD10730
C' CALCULATION AND CHECK OF SURFACE TEMPERATURE CHDlO740
C CHDIO?_O

1_ ABVALS • 0. "" CHD|O?80
ABVALM = Oo CHD]0790
TEMPA = TEMPA_INOFI CHDIOBOU
TEMPA_INOF) _ (DIJ_+GK_DD|NOF-1I)t_hE CHDIORIO

ABVAL • _BS;(TEMPA_INOFI-,'EMPAI/TEMPA} CH_IO.20
ETAS_AMINI(ETAt4OelTEMPA) CHnlO_O

; IF IABVAL-ABVALS) lt2_6tl_246t13_4_ LHDIORAO
_ 13245 ARVALS = ABVAL CHDiOS_O

1_746 CONTINUE CHDIOR60

IFIABVAL-ETASI3260t$260_$_4S CHDIOBT0

i _ 3_4S IERR • 2 CHDIORBOIF IT_MPASINOFII $ESOt$260t1260 _hDlOO90

C
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g_KO _FMPAK(N_F) = 10e fHDIOq00
C CALCULATION ANO CHECK OF TEMPERATURES CHD10qlO
_7_0 lOT = I_2 CH_I00?0

GAS-WFX CHD10933
DGHS_(GAS-GASII/DTAUX CHDIOg_7

3261 DO _26_ I_IDJEI CHDlOgSB
J = IBE(IG)_I CHDIOq40
K = J t�CHDIOg50
TF_PA = TF_lPA_(J) rH_lOq60
rFMPAK(J) • DD(J)-CCIJ)*TEMPA_(KI fHr) lOqTO
A_VAL = ABS((TEMPA_{j)-TEMPA)/TEMPA) dDlO?80
IF (ABVAL-ABVAL$) 13262t13262o13261 CND10990

13261 _VALS = ARVAI CHD|1000
lg?_2 _.ONTINUE CHD]iOIC

GO TO I_262,3265)oIERR CHDI1020
_262 CONTINUE CHDI]030

_F lARVAl-ETA) 3265,3265t3263 CHDII040
3263 'FRR • ? CHD_I050

IF (T_MPAS(J)) 3264t3265_3265 CH_]1060
_?64 TEMPA_Ij) = 10. CHDll070
3265 CONTINUF CHDll080

IF IIG-MG} 3267.3266_3266 CKUllO90
3266 ABVALM = ABVALS CHDIlIO0

ABVALS • O* CHD]IIIO

3267 COflTINUF ,_. CHDII120
GO TO (_270,37741tNXSW CH011130

3270 NXSW • 2 CHDII140
IX = I CHDllISO
GO TO (3274o3375)tI_RR CHDlll60

3274 IF (IG-IGT) 3275+3275o3277 CHDIlIT0
3275 IF (IGL} 3_7_t3278_3276 CHDlllR0
3276 IGT • I CHD]ll90
_77 IY • IBFIIGL) C_011200

JRS - IBSIIG) CHDII?I0
TEMP_SIIX) • TEMPAS(JR$) fM_II220
IG - IGL CHDI|_30
IGL = IGL-I CHD112_0
JEl • NSLARHIIG) CHOII2S0
GO TO 3261 CMDl1260

3278 GO TO (3280,3290)_ IFRR CMDII270
C CHD11280
C,e** NO ERROR IN TEMPERATUReS--DETeRMinE hEW TIME STEP CH011290
C CHDII_O0

3280 ONE " ETA*DTAU CHOllSlO
IF lITER-2) 3282_3285_3287 CHDI1320

+ 3282 IF IABVALM-IeI*ABVALS! 32_,3_8_,328_ CHOIr330
_28_ DTAUC • O,80*ONEIAEVALR C_, I|_40

GO TO 3400 CMb+13SO
3Pg4 DYAUC m 1,0*ONE/I_v_LM+IE_61 CHDl1360

60 TO 3_00 fMOll_¥0
_?R5 C,AUCtONE/AMAXIIABV_,3,ABV_LMtlE-6I CHOIIS_O
_787 DTAUC • _,80_DTAUC CH_I|_90

GO TO _400 CHDII_O
C CHDII_IO
C**e* ERROR IN TEMPERATURES--REITERATE OR CUT TIME STEP (HDI_0

' 0
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C*_*_ _NO RF%TART ON CALCULATION CH_11430
C CHDII_40

32_0 CONTINUF CHDlI450
IF (ITER-_! 3370o_295_795 CHD11460

3_9_ DIF = ETA/AMAXI(ABV_LS,ABVALN) CHD]1470
IF (DTF-,5) 13295,I_297_!3296 CHD11480

1329_ DTF = o2_ CHDl1490
GO TO 1_707 CHDll_O0

13296 DTF = Os_ _HDll_]0
|_?q7 CONTINtlF CH_ll_?O
C CHDI1530
CeS_* RESET OF DTAUsPREDICTED TEMPERATURESt AND PREDICTED DENSITIES CHDII540
C , CHD_5_O

3296 CONTINUE CHDl1560
0NE = DTF'*DTAU CHDIlS?0
*WO = DTAU-ONE CHDllS80
TAU_ = T_U2-TWO CH_II_90
_TAI) = _NF CH_llf.O0 '
DT,.UX - _YAUX-TWO/2, CHDI!610
DTALIC = nT_U £H_116_0

3340 DO 33&0 X=I,MG CHDlI630 /
jBS = IBSII) CHDll6_O

; JBE = IBE(I| CHDII650
DO 3350 J=JBS_JBE CHDl1660
TEMDA_(J) = TFMPA_|JI+DTF*IT_MP/_IJ)-TEMPA|IJI) CH_ll6?O

_0 TE_PA_(J) = TEMPA2(J| IH_ll6RO

IF (NRSW{II-3) 3_EOs33_Ss_60 C½DI1690
3355 DO _356 J=JBS,JBE ¢HD1]TO0

RHO2(J) = RHOI(JI+DTFeIRHO2IJ)-RHOI(J|| CHDIITI0

(- 3_6 RHO_IJ) • R:,O2IJ) CH_l1720JBS • IRSPM+NCSN(IG| CHnl1730\ JBE • JBS+NSLAB(IGI-1 CHDll?40

i DO _357 J=J_SsJBE CHD11750RHO2IJI = RHOIIJ)+DTF*(RHO2|J}-RHO|(J|I CF;DII760
3_57 RHO_IJ) • RPO2(J) CHDI1770

' 3360 CONTINU_ ¢HDl1780

_ GO TO 2690 CHD]Z?90 i
3370 1G,I CHDll800

IX = 2 CHDllSIO

3375 IERR=I CHD11820
iT_R • I_[R+I CHDII§30

.._ ITERT • ITERT+I CHDl1840
W GO TO 1_9_693)_1X CH311R_0

_37_ CONTINUE CHDlI860

JBS = |BSIMG_ CHD|[u?O
" _ TEMPA3III • Ot_ITEMPAI(JBSI+TEMPAS(J_S}) CHDllggO

WFX = WEll CHD|IBgO
FHTX = FHT_X CHD|I900
CON_X = CONDX_ CHDII_I0
JnX • JRXX CHDII_0
PCX = PCXX CHDII_30

_' E_FX=_DFXX CHDl1940
_FDX"WFOXX CHDIIg_O
WD[PX-WDFPXX _HDII_O
WSIX _WSIXX CHDIlg?O

°_ .l,.-
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J_F=I C.D12510
DO PI_O_ IG_ltMG (HDI2_O

J_S=i0SflGI CHDI25_0
JBEX-JRE CHD|2540
J_F_IRF{|GI CH_12550 Z
JBEM=JBE-1 CHD12560
QCON_(JBSlmQCOND(JRFX} CH_12570
K=NCSN(IG|-| CHDI25RO ]
IFIIGTYP_IGIt2350_,2350_o2_O_ CH_I2SqO

_350_ DO _0_ JzJO_oJ_M,JHDN CHn12_O0
KUK+I CH012610 J

23504 OCOND(K|=QCOND(J) fHn|2620
23505 QCONOIJSEXI-OCOND(JBSI CHD12630 !

OCOND(N_FI-QCOND(NOF+I) CHD12640 _
OCOND(MNODI_OCONDiNOF} CHD12650

OCOND(II=QBACK CHD12660 i

JBS=IRS(I; CH012670
OCONDfJR_)=OB&CK CHDI2600

351_ TWO • DT_U/DTAUS CHD|2690
ONE • 1.+TWO CH012700
JBE - 0 CHD12710
DO 3526 IG=I*MG CHD12720

JBS - =RSiIG) CHD12730
IF (JRS-JBE) 13511s13510P135]l CHD_27k0

l_10 KK © J85+1 CHD127_0
GO TO 13512 CHDI2760

13511KK = JBS _HD!_770
13512 CONTINUF CHDI27gO

JBE _ iBE(IG) CHDI27_

• ___/'_"--_ JBEM - JRE-1. CHD12800DO 3511J-KK _JBE CHD12810
5ILCAI(.J)=SILCAS(J) CHDI2B20

_- CARfiNI(JI_CARRKS(J) rH_120_0
. GRaF|(J}-GR_FS(J) CH_|2R40

" TfMP&2iJI • ONE_TFMPAS(JI-TWOeTFMPAIIJ) CH_12850
TEMPAI(J) - TENPAS(J) CHD12R60

3511TEMPASIJ) • TEMPA2(J) CHDI2BT0
IX - 1GTYP(]G) CHDt2R80
IF (iX) 3_17_3517,3Slk CHD12890

I 355k JHDN e NHDN(IX) CHD]2o00

;. _l_ JCSK - NCSNI|G) :N_12_10
! JCSNM - JCSN-1 _Nh!2920

K _ JCSNM CHD12930
JCEN _ NCEN(IG) CHD12940
DO 3516 J-JBS,JBEMtJHDN CHD12950
K • K+I CHD12960

! _FD (KI_WFD (J) CHD12970
S|LCA1(K)-S|LCAI(J) : CHD12980

;, CAR_Nt(Kt-CARBNI(J) CHD12990
GRA_IIKt-GRAFI(Jt CHDI3000
TEMPAI(Kt • T_MPAI(J) CHD|3010
WF(K) • WF(J) CHD13020
TEMPA2(K) a TEMPA2(J) CHDI3030

3S16 TEMPA_(K) • TEMPA2(J) CHOIr040
351? IF (NRSW(_G)-2) 3526t3518._18 CHDI30_O
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_18 CONTfNU_ rH_13080
3519 iX - I CH_13070
_5_0 DO _73 J_JP$,JB_M ?H313000

RHO2(J) • ONEeRHOSIJ|-TWOCRHO](J| CHO|3090
IF (RHO2IJ)! 3521,35_2t3_22 C_D13100

3521RHOT(J! z 0, EHD|3|]O
_22 RHOIIJ) • RHOS|J) EH_I)|20
3_23 RHO_|J! - RHO2IJI CHDI3I_0

GO TO (_?t_3_26|t|X ?HD13t_0
_26 _ - JCSNM CH0|31_0

DO 357_ J_J_$,JBFM,JHDN rH_|3160
K = K |�CHD13170
RHOI(KI • RHOIIJ) CHDI3100
RHO2(KI • RHO2(J) CH0|3190

3_25 RHO_|_) = RHO_IJ) CH0|3200
JB_ = JCSN+IBSPM CHD13210
JBEM • JCEN ,���ä�x�CH_13220
|X • _ CHD|3230
GO TO 3S20 CHO132kO

3_76 CONTINU_ CHD|3250
WFO (MNODImWFD (NOFI CHn]_260
WDEP(qNOOI=wDEPlNOFI ¢HD13270
W$| (MNOD|_WSI (NOF) CHD13280
WRRN(MNOD)eWBRN(NOF} : CHD13290
WD_P|N.)=WDEF(NOF-4! CHn|_O0
WS| (NNi•WS| (NOF-_} CH_13_10
_BRN(NNI:_BRN(NOF-_| CH013_?0
TFMPAI(MNOD) • TEMPAI(NOF} CH_133_0
T_Y,PA21MNOD} • TEHPA2INOF) CHD13340

TENPASI_NQD) d TENPASINQF) CHD13350 _ \
GRAFt(_NODI-GRAF|(NOF_ CHD|3_60 , )
S|LCAI(MNODI_S|LCA|INOFI CHD|3370
CARRN|IMNODImCARBN|INOFI CH_|3_80
_F(_N_D) • WFINOF| CHD13_90
GO TO {13529,135251tNPTSW CH013400

13525 CONFINU_ CH0!3410
NP)SM • 1 CHDl3_20
DO 13_26 Jm1_153 CHD13_30
OO|JI • RHO_(J) CH0|3440
CClJ) • RHO_(J #ì�€�CHD13_SO

13526 CONT|NUF ' ?H_13460

Ik_OO RHO_(J)mRHO_(J)+SILCA](JieCA_BN|(J}+GRAF)iJ) CHD13_R0
DO 1_001J•20S_305 CHD|3490

14001RHOSfJI•RHOS(J) J-203)+CARBNIIJ-20?)+GRAFIIJ-20_}CHD|_500
RHO_I|BSPN| • O. CHD]3S10
NRD|V . NHDN(1) CHO|3S20
NRGO • NZSN(1) CHD135_0 i
N_FNO • NZ_NiX! CHD|3S_0 I
TWALL(NtL) = TEHPA|(NOF) CHDISSS0 [
XLEFT(MNOO) • SN|+XLEFTI|YS) CHD|3S60 f
RETURN CND|_ST0

13527 CONTINUE CHDI35B0
DO 13528 J=1,153 CHD|_90
RHO_(J) - DD(J) CHD|3600

124
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|3_2B RHO_IJ-|_2) s CC(J) CH_]36]0
I3_29 CO_T|NUE CHD13620
C CHD|36_0
Ceme_ FRnflT CONTROL CHD136¢0
C CHD|36_0

IF (5NI°'_CHECK) 13_30t|_0t|_| CHD|36_0
1_30 CONTXNUE CHD|3670

_LL FPONT CHD|36B0
MARK _ _ CHD13690

]t_31CONTiNUF CH_13700 |
IF (NZONC-|| _687t?_29t2687 CHD|37|O

23529 CONTINUE rHn13720
C CHO13T30
Cge _ CHECK LOCATION OF REACTION 7ONE CHD|3760
C CHD|3?_O

IGR = |ZGINRZONt|I CH_13760
JX = IZGT(NRZON) CHD|3770
|GRL * IZGINRZON,JXI CHD13780
!G * IGRL CHD13790
JHON s NHDNINRZONI CHDI3BO0
IM _ NCSNI|GRI CH_3810
I " MATIIM; CH')|3820
JB$ z iBSI|GRI CH_i3830
JBF - iRFIIGRI CHD13840
JREM s JRE-1 CH0138_0
JHDN| • JH_N �€�CHD13B_O
IF IRHO|(JS$I-,03eRHOVIIII 23_27t23_27t?_28 CHD]3R70

23_27 IN1 - JO$-I ¢H013800 IGO TO 3530 CHD13890
23_28 CONTINUE ¢HD13900

KL • 0 ¢HD|39]0DO _528 JJJRS,JBEM CHD13920
I_ • (KLtJH_NI+NCSN(IGR) CF'_139XO
KL s KL �„�CH_13940
I • MAT|_M) CHD139_0
IF (ABS(RHOI(JI-RHOV(iIt-o0_eRHOV(|_ _a_8,_27,_77 CHDI_q60

3527 IN1 t J-I ¢HD13970
GO TO 3530 ¢HD13980

3_20 CONTI_)F "_1_990
IN; - JflF_ C_Dt4CO0

3_30 JBS s IOSIIGI CHD14010
JBE • iOEliGJ ¢HD_40_0
JBEM • JBE-| CHDI¢030
K - J_E CHD14040
KL • JHDN CH_|40_O
DO t532 JsJ8_.JSEM CHD14060 ,
K • K-1 CHDI4070
IM s NC_N(IGI-KLI_H_N C_!_1_080
KL • KL+| CHD1_O90

3_31 _2 • K CHD14110
GO TO 3_ _HD|4120

3_3t CONTiNUF CHb14130
iF (IG-IGR) 13_33,135)3ti_32 CHD141_0

!_2 ;G • IG-_ CHDI4150

*":C'i 25 "
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13_ CONTINU_ CHn14170 !

IN2 • JBS-1 CHDI4180
C CHD14190
C"e +* LONE SHIFT ¢HD14200

CHD14710
3_3_ 1FIXLEFTIMNOD)-XSAVEI)536 t_6 t3_k CHDIA_0
3_36 WRITEI6tl00)TIME CHD16230
100 EORMAT(tH 11//II41X36HALL VIRGIN MATERIAL HAS BEEN ABLATED//152X|_CHD|4_60

1HCA_ TF_MINATFDIIIqlXTHTIM_ m FlOck) CHn16750
CA_L FXIT CHD14260

3_34 J=NZENINRZONI-NCEN(MGI CHD14280
JS_ = |n_(|GRL)-I CH0_4_90
IF (JOEe4-1N2) 3535,3_5,3_42 CH014300

3535 IF (J ���€�3_40,3538,3545CHD!_310
353B NLZON - NLZON-1 CHD|4320
_4_ CALL SHIFT| (NRZONtLRT,1I CHD143_0

MARK = 2 ¢HD16360

GO TO 3565 CHDI63_0
3542 iF IJBEM-IN2-JHDN-1) 354_o3543,3543 CH014360
3543 CALL SH|FT1 (NRZONtLRT_-I) CHD143T0

MARK • 2 CHD14380
IF (JI _56_,_566t3_46 CHD14390

3_44 CONTINUE CHD14_OO
IZGT(2) = 1 CHO|4_10
lZOl2,1) - M_+I CH_14420
IGTYP(M_ D1 CH01_0
[BEIMG+I) = IZBI2I ¢HD1_660
IBS(MG+2) = IBEIMGI-NHDN(1) CHD1445U
NCSNIMG+2) _ NCENiMG)-_ CH014460
NZSNINRZON+|) " NCSN(MG+2) CHD144T0

NZENINRZON+|) • NCSNIMG+2) CHD14_80 +-'_
l+ CALL SHIFT1 (NRZON |)CHDI4490 .

!

i MARK • _ CH_|4500
NLZON • NLZON €�CHDI4§IO

. _ 3_45 IF liNZEN{NR_ON)-NZSN{NRZON)+|I_JHDN-68) _46_4,_4 CHD16520

3546 JB$ • IBSIIG_}
I CHD14530

i IF (|NI-JBS-1) 3550.35_0_35_4 _HD14_60

35_0 IF (NZSN(NRZON)-I| 3_56e39_6t35_2 CHD14_O
3_52 CALL SH|FTI (NRZON,LFTt-|) .CHD16560

MARK s _ CHD]4_TO
GO TO 35_6 CHDI6580

!_ _ _55_ IF IIN1-JBS-JHDN-1) _5_6,3_6,3_ CHD14_90

35_5 CALL SHIFTI (NRZONtLETtI! CHDI4600
MARK • 2 CHD14610

. 35_6 CALL SHIFT2 CHD166_0
"_ IF ANZEN(NRZONI-NZSNiNRZONI,39_Bt3_Tt_SB CHD14630

+ ) 3_57 NZONC • 2 CHD|6660
NRIDC • 2 CHD14650
GO TO 2600 CHD14660

3_58 CONTINUE CHD|4670
GO TO (1268Tt2600)tMARK . CHD|46BO
END CHD14690

,,, © I

m
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Cl_n_n+_T |NF Cr_n IN r_|470q

C+.W+ THE Cn_Rl_J SUB_UTINF CO_RI_IE_ 2 uAJnR Nn_FS INT_ 1, CHP|47|O
tMENSI_N A_T_RF (pill o R_,T_E_2fllt rcT_Prl2_)o CHD14720

!l ,T_RF(P01tRSInPFI?0ItSgT_qcI2n! rH_147_0
D|MENS_ON UHOt D,?0PtVHOLDi2_) ,_HDlDI20)tXHnl_i2n| rHD]4?40

Dt_NgIn_ DFLTAX{II+ rru_Alll) r_n147_r
D1MFNtI_ PtT_RFI_PItOgTnRE(?_I rHh|_770
DIMENSIeN USTORE(;O}+VSTORE(TOItWST_E(?O) CHDI47B0
CO_N /_LOCKA/ rHhl_7O0
IABSO_(]O) _ABSC ,ACTENC ,aCTFN_ _ArTFNV{_,_I_ rHDI4RO0
2BSTAR tCCPCI61 ,CCDGI6| ,LHA_PT{IOI ! ,C_C(_) _ rHDI4_]0 :
_COEFTt6tl0) ,CONDC ,C_NDV(IO0 I .(_PiSTI_tlO) ,COV_PXIIO01 , CHI)I_R20 :
_CPBAR *CPC ,CPVIIOO} ,DIFPEC ttJ_ATrRII_I + ¢HDI_8_O
_EFCOLC ,EFCOLS tEFCOLVl_tl0l+fulgf!h) ,FM!SC , _hl_O

6H_RM{101 tHCOM sHC_U_ _Hq'n +_^T(10_) _ rHD14_0
7_ATO_N +MAT_NF _MN t_N _NP_ _ rH_16_hO
8NNSAVE +NRDIV tNREND tNRGO ,N_T , CHDI4MTO

qPARIIN(|01) _PHI tQBYRAD tOCOMB tqEXTR • CHDI_RRO
; IOGPCOM _OSUBL tRECDRO .RF_DC tPEORDS , _HD|kRq0
: 2@E_DV|6tlO)tRHO_Z _RHO_(_OS) t_HOCPX(I_ } tPHOC t rH_l_qO0

_H_V(IO) _SA_L tSABLC eSDOT _SDOTC • CHDI_qIO

6SLhP_(]01 tTM_LTII0) ttSZ ,tSl2n_! tT_CHAP t rHh]6_?0
_WFZ tWF(2051 tXCHAq _XXN_T tXLEFT(|01) t CHD16_O
6X_ASS ,XMDOTC tXMD_TD ,XMDntG tX_DOTL t CHDlk960
7XMDOTR _XMDOTS _XTOTAL ,xVl_Gflnl) tXZONF CH_16_0 .

COMMON/BLOCKC/ CMD1_960 !
|BLPRESI2OtIII ,COMMAX _CUTOFF ,F_Otlll t CHD}4olO +

2FLOWl20t11) tHCONVI20tlII_IE_ROR +JUNCT _L t CHD14_0
_N _NOSECH tQBAC_ *O('ONVI?O,III*OGASI?O,II) , rHn1_o_O
40_lqC ttl_E ,TPRINT ,TWALLI_O_IlItXIWALLI_OtlI)+ ?HDI_000

+
_XIRl_Otlll rHn1_10 ;

COMMON /CHC_M/ DTAUt IBEllOI, IRSllOlt IBSPNe CHDIS070IlGTYPIIOIt IHDNI6Ie |Mr IZRI_)i IZGl_t]Olt CH_ISO_O i
21ZGT(_)_ JRSW, NCSNIIOIt NSML(_)I NSHRI_)t CHDI_O_O

3NZENI_It NZSN(3)_ RHOII3OSIt RHO2I_O_It gHO3(410)t CHD|50_0
6! tTE_PA2(20cItTEMPA_I62)*TFHPA_(67) tTEMDAK(_O_II C_I_O

6|YStL_T+MG_MOUM_NCEN/10ItNCLIT_ND(3)tNLZONtSN_,N|t CHDI_080
7SCHrCK rH_l_090

_ COMMON /NASCOM/ CH_RRO+AIRM. CHDIS|_0

ICARBNII20_I_CARBNSI205ItSILCAI_05I_S/LCA_I_O_I_PYROI2OSI+DEPI20_CHDISI|0

2tHYDI20_ItAERO(20_ItAERNI20_tBURNt?O_ItWFOI20_lt WDEPI20_ItWSII20CH015|20

_)tWBONI20_I_EMWTI20_I_PRGI_O_) ?H_l_!_/)_TIM_XI_O)*TFTI_OItNPT_ CHOlSI60'

5tPORI_O_ItPERMI_0$ItPERMEI2OSI,VISCIEO_I+GCON,RHOTS,CARTS+SILTS, CHDISISO
6POPTIPERTttPEQT2tOCOHtD?OOtDCOPYtDCODPtDCOSI_DCOCMtDCONtCFXHtCFXO_CH_|51_O
?CFXPYtCFXDPtCFXSltCFXCMtCF_*;tDIFCO|_O_)tSOX|_0_| CHD15IT0

,+ R.ALLGASI?OSI.GRAF1(_051 CH_ISlR0

FOUIV_LFNCE IIHDNI2)tNH_NIII! CHDI_Iq0
_QUIVALENCE IRHO_{10_IeRHO6111) CHDI$_O0
EqUIVALeNCE ITEMPAII|I,TSI]IItIDELTAXI|ItPARTIN(II| 'CMM_710
ROtJIV_LFNCE (_NOD_NNP) CH_|5220
SF = 1, CH_I_2_0

.... IIrl n III+_
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IX = n rHnlS_50
DSTORr(II = O, rHn157_0
|_ = m_~ I rH_15770

1K_N = JHhN tH_I$?_O
_ST = J_T CHD| ¢_90
J=NrrNl_r-|i rHh15_O0

JX _ I_TYO(I_I rH_l_?O
JH_N _ N_NIJ_I eHn|5_0
JST = IRrII_I-JH_N rHn|5_¢O
K _ J_T-1 ,-. CHDIS_0
JY = JHDN ä�|�CHDIS_0

¢ PO 10 ]'_+JY CHD1_70
= (+I rHDIS_O

_X = rX¢l eH_l$_90
UH_LD(KXI=WFO (KI CHO)S&O0

WHOL_(KXI=W$1 (KI CHO1_620
XHOL_IKXI.WRRN(KI (HDI)6_O
LISTORFIKX)_MWT(K) CH_|54&O
VSTORFI_XI*Wr(K) eH_l_&_O
_$TORFIKX_=G_FI(_) rHnl_60
_STnRFI_x) • TFM_1(_) rHnl_?O
_STORFIKXl • TFMPA?(K! CH_I_&RO
CST_fvX) • TFMPA_I_) CH_IS&90
_STOR_IKX+I) • D_TOR_(KX I+ONF CHO]_00
PSTORr(_XI-_ILCA|(K| CH_|5_|O
QSTOR_(KXI_CAR_NI(K) _|_0
RSTOR_(_Xt = RWO|(K) CHOI_tO

In SSTO_FI(X! • RHO?#_) CH_15_60

IX = IX x�CH01_60-_
IG - _G CWn15_?0
GO TO IltI21,1X CHD19_80 -

) 12 CONTINUE CHOtg_10

J = KST CHD15600
IF (ICOM-?I 1_ tl6tlt CHnl)610

1) KST = JST CHO|_6)O

|_ rONTINU_ CN_'1_660

TFMP_IIKSTi • TENPAIIJ ; CHOI_6_0, ' TFMP_?IK_T) • T_MPA_(J 1 rH_|5660
1EMPA_(KST) • TENPA_IJ 1 CH_15670

SILCAllKSTI_SILCA|IJ) CHDI_680
• CARRN]IKST)=CARBN]IJ) CHD15690

WFD (KSfItWFD (J) CHO|5?00

WDrPIKSTI_W_FPIJ! CH_I_?)O
' WSl (KST)-WSI (J) CHD|5720

W_RNIKSTI=WBRN(J) CHO|5?)O
[MWTIKSt)mEMWT(J) CH01_760
_FI_STI=_F(J) .CHD_57_O
GRAFIIKSTI=GRAF](J) CHO1_760
RHOtIKST) • RHOIIJ 1 (N01_770

RHO_IK_T) = RHO_IJ) CH_1_780

128 t )
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= 1 rH_'5810
Dn _0 J=lsKHDN CHD' 5R20
DIS = DI_*DX CHD 5_0
KX = _T+J rH_ 5R_O

IF C_NF_ _1,2_2_ CH_IS_O
21 k = _+1 rH_ 5R70

O0 TO 20 FHDISM80

2t THRF_ = DSTORFIre_I-_STO_FI_I CHD' 58_0
O_F - O_F/_N_E CHD'5900
TWO = (DIS-DSTORFt_IIlTHREE CHD'Sq]0
WFD (_XIs_NF_UHOLDIvl+TWO'UHOLD(_,I) CHD 5q20

WDFPI_XI=_NF_VHOL_IVl+TW_VHOL_(_+I) £H_' 5_0
WSI (_XI=ONFSWHOLD(_i+TWO*WHOLD(_+I) CH_'5_&O
W_,I_XI=_NF_XHOI.D(_t+TWOeXHnLD_V+ 1 ) CH_'_O&O
EuWT(_XI=_NFeUST_RE(_I_TWO_U%Tr_F(K+I) CH_I 5q60

WFI_X)=_NF'VSTORE{VI+TW_.VSTn_E(_I) CH_' 5_70
GRAFI(KXI_ONESWSTOREIKI+TWO*WSTORE(_+]! CHD]5980

TEMPal¢KX) = ONEIASTOREIK)+TWO_ASTOR_(_|) CHD|_Q90
TFMPA?(VX) = ONE_BSTOREIK)+TWO_B_TO_EIK �ä�x�CHDI6000
TrMP_¢(VX) = ON_'C_ThR_IKI+TN_CcTO_r(K+I) rHn]6010

_ItrAIIvXI=_NE_P_,'q_(V)+TW_e_T_PF(v+I t CH_16_0

RHOIIKX) = ONE_R_TOREIKI+TWOeRST_R[(_+I) CHO|6OAO
_0 RHO_IKX) = ONEeSSTORFIK)eTWn_TORE(K+I} CHO|_050 :

K = I_PN+NN CHD|6060

RHO1{K) = RHO1(K+I} CHDI60?O
RHO_(K) _ RHO_IK+I) £H_16ORO
PFTURN CHDI6OqO :

FND £HDI6100

|
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- FOR CONDFoCONDF
FUNCTION CON_F(K) CHD]6]]O

Coe4e THE C_NDF 5U_ROUT|NF CALCULATE_ HEAT CONDUCTIVITY CHD!6170
DIMENSION NHDNI3|t QH_4(_06) rH_161_0
DIMENSION DELTAX(|)t TEMPAI(|) CH_|6160
COMMON /B_.OCKA/ CHD16150

1ABSORP(IO) sABSC tACTENC tACTENS oACTENVI6PIO)t CHD|6]60
2BsrAR tCCPCI_) ,CCPG(6) tCHAPPTIIO]) tCKC(k| t CH_16170
3COEFT(4tlO) oCONDC tCDUM (100) ,CONS_(6t|O) tCOVERX(IOO/ t CH_161_0
kCPBAR tCPC tCPV(IO_) _DIFR_C _UMATERilO) , CH_16190
_EFCOLC tEFCOLS tEFCOLV(6tl0)tE_ISf10) tEM|SC t CHD16700
_HOFM(IO) tHCOM _HCOMG tHSUB *MAT(100) * CH_16710
?MATOMN eMATMNE elaN tNN eNNP e CHD]b2ZO
8NNSAVE tNRDIV tNREND tNRGO tNST t CHD16230
9PART|NI10|) tPH| tQBYRAD tOCOMB tOEXTR t CHD162_0
|OGPCOM 9QSUBL tRECPRO tREOPDC tPEORDS t CHD16?_G
2REORDV(4t|0)oRHOSZ tRHOS(305) oRHOCPXl]01) tRHOC t CHD16260
_ffH_V(lO) _SABL oSABLC tSDOT tSDOTC e CH_16270
kSLODE(|O) tTMELT(IO) _TSZ tTS(_O_) tTRCHA_ v CHD]6_BO
_FZ _r(_O_) _XCHAR _X! _,'_ tXLEFTII01) _ CHD|6290
6XMASS _XMDOTC _XMDOTD _: ,XMbOTL • CHD|6300
?XMDOTR tXMOOTS tXTOTAL : * _ _XZONE CHD16310

COMMON/_LOCKC/ CH_16320
|BLPRESi_0t||) _COMMAX _r tFI20t11) t CHD|6330
2FLO_(20t11) tHCONV(20t]])_ERROR _ tL t CHD16360
3N tNOSECH tOBACK ,0'. ;, -_..'_!.._G_S(20_]]) t CHD16350
60MISC tTIME tTPqINT _T_ALL(20;I1)*XI_ALL(?Otl|)_ CHD16_60
5XlRI2Oe]]I CHD16370

COMMO_ /CHCOM/ DTAU, IBE(lOle _RS(10), ;BSPNt CHD16380
IIGTYP(|O)_ IHDN(_It IMt IZR(3), IZG(_tlO}. CHD|6390
21ZGT(_, JRSWt NCSN(1OIt NSHLI3tt NSHR(3)t CHD16600
_NZFN(_)_ flZSN(3)_ RHO|(_O_)t RHO?I_O_It RHO_(610)t CHD166|0
k| _TEMPA?I205)tTEMPA_i_2)_TEMPA6(62) _TEMPA_(20_I_ _HD16420

DELX(|00)tD|STLII_0)_DUM (_0)_IC0_ CH_166_0
6|YStLFT_MG_MDUMtNCENIIO),NCUI_ND(3)tNLZON_SN_SN1, CHD16660
7SCHFCK CH_6650

CO_ON /DACOV/ A142_ CHD16660
1ABVAL tABV_LMtABVALStB(6_) tC(_2) _ . CC(20_)tCONDI_It CHD16670

2CONDX tCONDXXe D(_2) tDD(_O_)tDELTX(IO1),DGAS_DOt CHD]6kBO
3DTAUC tDTAU$ _DTAUX tDTF_DTRI3]tEDF×_EDFXXtEM|I42|t CHD|_690
kETAtETAStFHT(62)_FHTXtFHTXXtGAGC_GA_|,GKt_XtGYtGZt CH_]6_OO
_H_AI_t_O)t|BSPM_|ERRt_GC_|GLt_GLDt_GR,_GRLt|GTe|G_t , CHD|6_|O
6|HYSt|NEGt|N|tIN_|Pt|PLUS*|TERt|TERTtIXt_Yt|ZtJtJBE, CHD]6_O
7JFEM_JBFXtJ_ND1tJBND2tJBS*JBSMtJ_SPMtJBSPNtJBXtJBXXtJCEN_ CHD|6_30
8JCENM_JC_NtJCSNVtJEtJE1tJE?tJH_N_JH_N|tJL_tJSLAR,JX,JZt CHD16560
_K1_LAND|DtLRT_MARKtN_DDi42)tNAS_tN_NDSTtNBND|(||)_ CHD|6_O
1NBS_tNDCtNDCMtNLS_(]O)tNOFtNOT_KEtNPBS_tNPE|NtNPS2NtNPTS_t CHD16_60
2NP|DtNR|DC_NRS_(IO)_NRZONtNSLABI_)tNSLABH(]OitNS_tNXS_t CHD|b_70
_NZONtNZ_NCtONEtPS|tOSAVEt_T_TtOT_TALtREFCT_eSBKtSDNt CHD16_BO
6$DOTNtSNStSRAtTARtTAUOUTtTAUSTI3)tTAUltTAU2tTAU2StTEHPAt CHD|6590
KTEMPSTi_)*THREEtT_Ot_F_t_FXt_FXXtX_tXMC_MtX_AV_ CH_16600

COMMON /NASCOM/ CHARROtA_RM_ CH_|66]0
1CARBNl(205)tCAPBNS(205)tS|LCAli205)tSILCAB(205)tPYROI205)tDEP(205)CHD16620
2tHYDI20_),AERO(20_)tAERNI20_i_SURNI?O_)_WFD(?O_), _DEP(205)t_Si(?OCHD|6630
?_)tWBRfi(2OS)tEMWT(20_)tPRG(?O_) CH_|6660
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/

6tTI_X_KOItTFT(5OI,NPTS CHD!6_50
_*POR(2_)*PERHI(2OS_*PERM2(2OS)oVTSCf2OS)eGCON*RHOTS_CARTStS[LTSt CHD16660
bPORT,PEPTI_PERT2*DCOHtDCOOpDCOPY,DCODPpDCOST_DCOC_OCONpCFXHpCFXOtCHDi6670
7CFXPY_CFXDPgCFXb|*CFXCH_CFXNtD|FCO(_0SItSOX_205) CHO16680
9PALLGA_f_OS)_GRAF](205) CHD]6690

EQUIVALENCE (|HDNI?)_NHDNil)_ CHO]6?O0
EOUIVALENCE IRHOgi103),RH04(1)) CHD]6?]O
EOU|VALENCF _TFMPA](])tTSI]II,(DELTAXilItPART|N(|)) CHD]6720
rOU_VALENCE (MNODoNNP) CN016730
_|MENSION AREAfk_)tARFAV(42! CH_16760

EOUIVALENCE (RHOCPXf_6)_AREAI1)tAREAV(6_)_ CH_16750
_L=JSSM+_ CHD16760
TE_PA_TE_PA6IK) CHD16770
GO TO (|3_)_JRSW _H_167_0
CONTINUE CHD16790
IF (TEMPA4(K_-_660,} 7,7_ CHD|6800

5 TE_PA_6660_ CHD16810
? CONDC=CKC(lt+YEHPAe(CKC(ZI+TENPAefC_Cf_I+TE_PAeCKC(6)I! CHO|6B20

_3 CONDV = CONSTI_,I)+TENPA6(KIe(CONSTIE_|I_TEMPA_(K) CH0168_0
I_(CON_T(_|)+TEMaA6fKIeCONSTI4tl))I CHD_6_60

CONDV=CONDVlI_622_2.]66eTENPA6(K)II_LPRESIN_LI+1.E-IO))+,O001120 CHD16850
GO TO llS_]7_17)_JR_W CHDI6_60

15 CON_F = COMDV CHD16870
GO TO 18 CHD]6B80

17 CONDF • (CONDV-CONDC)_RHO_IKI/RHOV(|}_CONDC CHD|6Bgo
1_ CONDF_C_NDF_ARFA(KI/(?,eDELTAXI|M)_ _H_6qO0

( RETURN CHD16910
END CHD16q?O

(
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_UR_OUTIN[ _PRAIJgKgTE_PA,CPBA_) CH_|6q_O
t

COMMON /RLOCK&/U_FRI_SttCCPG(&_ CH_|6q40
COMMON INASrOM/ CHARRO_AIRM, £H_16_0

ICARBNI(?OS}oCARBNS(?OS)_|LCA1(20S),SIL(A_(?O_I,PYROI?OS),DEP(205)CHO]6950
2,HYD(2OS},AERO(2OS}_AFRN(20_I,BURN(?O_}_WFDI?O&)t WDFPi?O_ItWSIf_CHD|6q?O

&,TIM£X(_OI,TFT(5OI,NPT_ CH01699_

5tPORI20$ItPERM]I?O$}t_ERM2|2OS},VISC(20_)_GCON,RHOTS_CART$,SILTS, CHD17000

6PORT,PERT],PERT?,DCOH_DCOO,DCOPY,DChDP_DCh_I_DCOCM_DCnN_CFXH_CFXO,CHDIT010
7CFXPY_CFXDP_CFXSi_CFXCM_CFXN_DIFCO{?A_),S_X(?O_) CHD]7020
8_ALLGAS(?OS)_GRAFI(?OS) _HD]70q0

CPBAR=CCPG(II+TEMPA_(CCPCI2I+TFM_A_(CCPG(_)+TFM_A*CCPG(_I}) CH0170_0

FND CHD]7050

132 "
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: f-- - FOR DEPO,DEPO
SUBROUTINE OEPO (Kt_L)TFMPAtDELI CHDIT060

k C CH_17070
Cee_ CAqB_N UFPOSITION ¢HD17080
C CH_|7090

COMMON /BLOCKA/ CHD17100
IABSORPCIO| +ABSC _ACTENC oACTENS oACTENV;4+|O)_ CHD]7|]O
2BSTAR tCCPC(4) 9CCPG(4) _CHARPT(101) tCKC(41 + CHD17120

3COEFT(6,|O) pCONDC ,CONDV(|OO) +LONST(4tlC: _COVERX(IOO) t CHD]7130
&CPSAR mCPC tCPV(100) tDIF_EC +UMATER(10) , CHDI7]60
5EFCOLC oEFCOLS .EFCOLVI_tIOItEMIS(IO) +EMISC , CHDtT]50
6HOFM(10_ _HCG_ ,HCOMG ,HSUB ,MAT(IO0) + CHDlT160

7_ATQMN +_AT_F t_N iNN +NND + rH_17170
8NNSAVE tNRDIV +NREND 9NRGO +NST _ CHD17180 ;

9PART]N{]GI) ,PHI oQBYRAD +OCOMR +OEXTR , CHD17190
1QGPCO_ _Q_U_L tRECPRO +REORDC ,REORDS + CHD17200

2REORDV(4,10).RHOSZ .RHGS(3OS) _RHOCPX(IO]) tRHOC , CHD17210

3PHOVI]0) PSABL ,5ABLC _$DOT .SDOTC + CHD]7??O

4SLOPE(IO) ,TMELT(]3) +TSZ +TS1205) .TRCHAR o CHD172_0
C ="IFZ ,WF(205} ,XCHAR +XINIT +XLEFT(|01I , CHD172_0

6XMASS +XMDOTC 9XMOOT, tX_DOTG tXMDOTL + CHD]7250
7XMDOTR +XMDOTS +XTO+IAL +XVI_GIIOI) _XZONE CHD17260 "

COMMONI_LOCKC/ CH0|7_70

+: IBLPRES(20+I_| +COMMAX +CUTOFF _F{20+11) + CHO])2RO

+ -- 2FLOW(20+|I) _HCONV(20+I11_IERROR +JUNCT +t , CHD17290
3 -_ 3N +NOSECH _OBACK tOCONV(20+I])*OGAS(20+11) + CHD17_OO

4OMISC +TIME +TPRINT +TWALLI20_I1)_XIWALL(20+11), CHD17_lO
2 5XIR(20+11| CH_I7_2U

COMMOK /_LOCKJ/ CH_17330
IFLUXII200)+TEDEPI200)_XEDEPIIGIi+EDEP_IO]I_NTEDEP+ CHD17360 ¢

?NXEDEP_ITEPEP,EDFLUX(I_O) CHD17_O

COMMON IRLO_KKINNI+OCONDI_OS) CHD17360CO_NOH/_LOCKN!C()ORO CHO17370
COMMON/5LOCKRIDIFC(_I_EROCI_I_ERODE CHD17380

: CO_:MON /CHCOM/ DTAU, I_EI]O)+ IBS(IO)_ IRSPN, CHD]7390

: IIGfYP(10)_ IHDN(6)_ IM+ IZm|3lt IZG(_I0)_ CHDIT_O0

21ZGT(_), JRSW, NCSN(10)+ NSHL(_ NSHRIq)_ CHD17610
3NZEN(_I+ NZSN,3I+ RHOI(_O_+ RHO21_05)_ RHO_(410)+ CHD17670

! tl _TEMPA2(20 )+[EMPA3(_2)+TEMPA6(62) +TEMPAS(205)+ CHD17_O
5 DELX(|0OI+OISTL(100)+DUM (10)_ICOM+ CHD176_0
6[YS_LFT_MG_MDUM+NCEN(101_NCUT+ND(31tNLZON+SN_SNj+ CH017650
7SCHECK CHD_7460

C**** DIMENSION STATFMFNTS CHD17670

C CHD17680
D_MENSION DELTAX{II_TEMPAI(I) CHD17_90
EQUIVALENCE (TEMPAIIIItTSIIII+(DELTAX(II+PARTINll)) CH017500 :
COMN2N INASCOM/ CHARRO+AIRM+ CHD17510

• 1CARBN11205)tCARBNSI205)tSILCA1.(205)+SILCASI205)_PYRO_?OSI+DEP(205)CHD]7520

2,HYD(205I,AERO(2OS)+AERN(2OSI+BURN(2OSI,WFD(205!* WDEP(23SI,WSIi20CHD17530 !
v: 35)tWfiRN(205)+FMWT(205}_PRG(205) CH017560

_+TI_EX(_O)tTFT(5OI+NPTS _MO|75_0
5_PORI2OSIePERMII2OS)ePERM212OSIeVISC(2OS)eGCON+RHOTS+CARTSeSILT$t CH0]7_60
6PORT+PERTI_PE_T2_DCOHrOCOO+OCOPY+DCODP_DCOSI+DCOCM+DCON+CFXH+CFXO_CHD17570

7CFXPY+CFXDPtCFXSItCFXCM+CFXN+DIFCOI?0_I+SOX(205) CHD17_80
? 8+ALLGAS(2051tGRAFl(ZOSItGRAFS(2051tSPEED(205_+OIFCHi20_I+DIFR(_jS_CHD17590

IC.; 133
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9tV|SCO,VISCONoAFoBFtS|LICAtREQoPMW,DM_oHM_,AOMWtANNWtSMWtBMWtCX(6)CHD17600
lo_S|,CBRNtOD[PtDACT C_0|7605

REAL _CXTt_ETC CHD176]0
FMFP=ENWT(KL)IALLGAS(KL|tPRG(KL)/2116, rH_17620
M_T?= PYROfKL)/16eeFMFP rH_176_0
HYDC:._e_TC CH_|7645
|F (HY_C-e028_4| 10,10,_0 ¢HO17650

10 M=I CH_17660
GO TO 30 CHD17670

20 M=2 CHD17680
30 CONTINUE CHD17690
50 AR_=I, CHD17730
60 CONTINUE CH017740

CAR=ARMo4882e6eRHOC CHD_7750
MCXT=_Bon0,eEXP(-S1896./TEMPAI_CX(_eM-2| CHD1776C
YH=HYDCeCX(3eM-1) CHO17770
ZM=METCmCX|3_Mt CHD17780
ZMYH=ZHeYH CHD17790
MDEP(KL)=-CAReHCXTe6o_(YH+(HYOCe_2_CXI_SM)/20068e-ZM/&,)+ZMYH-ZMYHCHD|7800

I'YHI/(le-YH+ZM-2e_ZMYHIO_2 CHOI7B10
HERE=(D_LTAX(K)+DELI/2_ CHD17820
TEST=,72eDACTIHERE CHO|7B30
IF (WDEP(KL)-TEST) 80tB0m70 CHD17860

70 WDEP(KLI=TEST CHD17850
GO TO 90 CHD17860

80 IF ¢WDEP(KLi) 85_90090 CHD17870
85 WDEP(KL)=0. CHD178_0
90 CONT|NUE CHD17890

CARRNq(KL)=CARSNS(KLI+WDEP(KL_eDTAU CHD17q00
WDEPtKL)=WDEP(KL_HERE CHDIT910 ; .
RETURN CHDITg_O
END CHDZ?930
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F_R PTAG6.D[^G6 t
_UPP_UT|N r nTAC6 FHD17Q40 •

COHMON /RLOCKC p DUHMY(RATI,TERROP _HD17950 'i
_, I=87 rHD]796C

CALL PICKUP(I_X) CHD17970
WR|TF (6,|1 X CHD17QR0

I FORMAT(1H|_6X,_HEXIT THROUGH _ERR$ BECAUSE OF _IVIDF OVERFLOW/_X,CHD17990
|&6HTHC ADDRC_ OF THe _FEND|_I_ TN_TDI/CTI_N T_ t_17) rH_18_00

IFRRn_=17 eHD|8010
CALL ERPqR_ CHD|Sq?0
END CHD18030
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r_ DYA_7tDIAG7

Cq_MON /_L_CKC/ CH_]dO_0
t

1RLPRF%(?_o11) ,C_MMAX tcIJT_FF tFl?_gl_) t rH_18060
2FL_W{_O_II) tHCONVI_O_II)tIFRR_R o JUNCT oL _ CH018070
_h *NOSECH ,OBAC_ IQLqNVITO,I_),_GAS(20,11) , CHD]8080
AQM|SC ,TIME oTPRINT oTWALL(20,I]ItX_WALLI20_IIIt CHD18090

_XIR(?O,111 rH_18100

WRITF (_,lt rHD18110
1 FORMATI///1H _X_29HFXIT BECAII_E OF JUMP T_ MF_$) CHD18120

IFR_O_=17 CH_181_0
CALL rRROR3 CHDlS|_0
FN_ CM_181_0

I

I
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(
• - FOR DIFUS,DIFUS

SUBROUTINE DIFUS (DIFCALtNSOUQ tnCOoCFIxtCnNC) CHDI8)60
COMMON IBLOCKA/ CHD18170

|AB_hR_II0) oABbC tACTENC oACTENS oACTENV(_o]0), CHDIBIRO
2DSTAR ,CCPC(B) ,CCPG(4I ,LHA_PT(]O]) ,CKC(_) , CHDIB|q0
ICOEFT(_,I0! *CONDC ,CONDV(IO0) ,LONSTI_,I0) ,COVERX(IO0) * CHDI8200
4C_BAR ,CPC ,CPV(:00; ,DIF_EC ,UMATER(IO) , CHD|8?I0
5EFCOLC ,EFCOLS ,EFCOLVi4,10)*E_IS(]0) ,E_ISC , CHD18220
6HOFM(IO) oHCOM tHCOMG ,H_IIB _MAT(|O0) , CHDI8230
7MATOMN oHAT_N.E ,_N iNN ,NNP , CH_18240 :
RNN_AVF ,NROIV ,N_END oNRGn ,NST , CHD]B_$O .
9PART|N(]01) _PHI ,QBYRAD ,OCOMB ,OEXTR , CHD18260
I_GPCO_ tOSUBL tREC_RO ,RE_DC ,REORDS , CHD|8?70
2REOPDV(_,I0),RHOSZ ,RHOS(_O_) ,RHOCPX(IO|) ,RHOC , CHDI8280
3RHOV(10) *SABL ,SABLC ,SDOT ,SDOTC , CHD18290 :
4SLOPE(10) _TMELT(10) ,TSZ ,TS(?0_) oTRCHAR ' , CHDI8300

_WFZ ,WF(205) tXCHAR ,XINIT ,XLEFT(101) , CHDI8310

6X_A_S ,XMDOTC 9XMDOTD ,XMDOTG tXMDOTL _ CHD18_?O I
7X_DOTn IXMDOTS _XTOTAL tXVl_G(101) ,XZONE CHD]8q_0
COMMON /nLOCKB/ USE_I2_I_,BLDEN(20*II| CHD1fi_35
COMMON/BLOCKC/ CHD]83_O
IBLPRES{20,11) ,COMMAX *CUTOFF *F(20_11) _ CHD18350
2FLOW(?O_|I) *HCONV(ZO_11)*IERROR _JUNCT _L _ CHD18360
3N _NOSECH ,QBACK _OCONV(20_II)*OGAS(20,!1) _ CHD183?O
60_ISC _TIME _TPRINT ,TWALLI20,I]IeXIWALL(20_11), CHD18_80
5XIRI20,11) • CHD18390

COMMON I_LOCKJI CHDle600 ;
1FLUXI(2OCI,TEDEP{2OO),XEDEP(IOII,EDEP(IOll,NTFDFP_ CHDIB610
7NXEDEP_ITEPEP_EDFLUX(1OO) CHD1B6_0 ;

COMMON /_LOCKK/NNI_OCOND(2_) CHD18630 ]

CHDI8_40 i
COMMON/BLOCKN/COORD
COMMON/BLOCKR/DIFC(6I,EROCI_),ERODE CHD18_50
COMMON /CHCOM/ DTAU_ IBE(IO)* IBS(IO), IBSPN, CHD18660

IlGTYP;10)* IHDN(4), IM, IZB(_), IZG(_,IOI_ CHDIB670
_IZGT(_), JRSW_ NCSN(10), NSHL(_), _SHR(3), CHD18680
3NZEN(3)_ NZSNI3|, RHOI(3CSI_ RHO?I305), RHO31610)* CHDIB690
_I _TEMPA2(205)_TEMPA3(_2)_TEMPA_(621 ,TEMPAS(205), CHD18500
5 DELX(100I,D!3TLIIOOI_DUM (IO)_ICOM, CHD18510
61YS,LFT,MG_MDUM_NCEN(IO)*NCUT_ND(3)_NLZON_SN_SNI_ CHD18520
7SCHECK CHD18530

COMMON/NUCOM/ NADA_ CH_18560
IEM(_7) CH0|8550

COMMON /DACOM/ A(42), CHD]8560
lABiAL _ABVALM_ABVALS_B(_2} _Ci42) _ CC(205)_COND(_2), CHD18570
2CONDX _CONOXX_ D(62) ,DD(2OS)_DELTX(101)_DGAS_DQ_ CHD18580
3DTAUC _DIAUS _DTAUX _DTF_DTR(3I_EDFX_EOFXX_EMI(_2}* CHD18590
_ETA_ETAS_FHT(_21,FHTX_FHTXX,GAGC,GAS|_GK_GX_GY_GZ_ CHD18b00
5HDAIS_I0)_IBSPM_IERR_IGC_IGL_IGLD_IGR_|GRL_IGT_IG2_ CHD18610
6IHYS,INEG_INI_IN2_IP_IPLUS_ITER_ITERT_IX_IY_IZ_J_JB_ CM018620
?JBEMtJBEX_,JBNOl_JBND_tJBStJBSMtJBSPM_JBSPN_JBX_JBXX_JCEN_ CHD]-B610
BJCENM_JCSN_JCSNM_JE_JEI_JE2_JHDN_JHDN|_JL_W_JSLAR_JX_JZ_ CMO|B640
9K1_LANOID_LRT_MARK_NADD(42)_NASW_NBNDST_NBND1(1|)_ CHDtB6_0
1NBSW,NDC_NDCM,NLSW(IO)_NOF_NOTIME_NPBSW_NPE1N_NPS2N_NPTSW_ CHD|8660
2NRID,NRIDC_NRSW(10I_NRZON_NSLABIIO),NSLABH(IO)'NSW_NXSW' CHDIB6?O
_NZON_NZONC_ONE_PSI_OSAVE_OTOT_TOTAL*REFCTR_SBK_SDN_ CMD18680
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1969015273-145

• . o



__SDOTNoSNSoSRAtTARtTAUOUTwTAUST(3IoTAUltlAU2tTAU2SoTEMPAt CHD18690
_TEMDST(_)tTHREEtTWO,WFPtWFXtWFXXtXIeXMCOMtXSAVE CHD|8?O0

COM_OH /NASCOH/ CHARROtAIRMo _H_187|O
ICARBN1(20_I_CARBN_(?O_ItSILCA](20_)tSILC'AS(_O_IoPYRO(?C_IoDEP(20_)CHDI_7_O
2_HYD(_O_)tAERO(Z05}_AERNI205I_BURN(?OS|tWFD(2OS)t WDEP(205)oWSt(20CHD187_0
3KI,WBRNI_OS}tEHWTI2Q_)IPRG(205) CH0187_0
4tTIMEX(50)tTFTW_G)tNPTS CHD|87_O
5pPOR(20_I_PERMI(20_)tPEqM2(20_)tV_SC(20_}tGCONtRHOTStCARTStSILTSt CHD]8?_O
6PORT_PERTItPERT2tDCOHtDCOOtDCO_YtDCODP_DCOSItDCOCM,DCONoC_XHICFXqtCHD18770
7CFXDYtCFXDPtCFXSItCFXCM_CFXNt0IFCO(20_)tSOX(205) CH_|B?R0
8_ALLG_S(20_}_GRACl(2OF_G_A_I_O_I_SP_F_I?_5_tD|FCH(2OSI_DIFRI2OS)CHO|8?qO
DI_ENSInN NBND2(|O)tNHDN(3) CH_ISR0n
EQUIVALENCE (NBNDIt_)oNBND?II)) CHD18_lO
EQUIVALENCE (IHDN(_I_NHDN(II) rH_IBB20
E_UIVALENCE (TEMPAI_I)_T_(ltt_IDELTAX(|),PARTIN(I)) CHD]88_O
DIMENSION DELTAX(1)_T_MPA_(1) CH_JBR60
DIMENSION SOURCE(20_)tCONC(_) CH_lBR_0
DIFCOS=0, CHD18B60
ALPH=0, CHD]8870
DCU=DCO_HI_HCONV;N_L)/BLDEN(N_L) CHD18_80
DO 100 IG=IGRtM3 CHD18RQ0
CALL GRIN(IG) CH_18900
DO 9 J=JBS,jBE CH018_10
DIFCO(Jt=DIFRIJI_POR(J) CHD18970
GO TO (|_2o_6tS*6tT)tNSOUR CHD18_O

! _OURC_(J)=-1,_3_¢W_RNiJ) CH_18O60
GO TO 9 CHD18_O

? SOURCFiJI_,Ol?gSeWFD(J) C._018_60
GO TO 9 CH_18970
SOURCE(J)_,OOOO2_WFD(J)+,_WDEP(J) CHD18_RO --
_IFCO(JI=DIFCH(J)ePOR(J) ¢H_8790 i
GO TO 9 • CHDL9000

6 SOURCE(J)=_767_WFD(J)-|_WDEP(J) CH_1_01O
GO TO 9 CHD]9020

5 SOURCFIJ)=O, CH_190_0
GO TO 9 CHD19060

6 SOURCE(J)=,61111eWSI(JI CHD190fiO
GO TO 9 CH_19060

_. 9 CONTINUE CHD19080
¢ K=O CH019090

i ALP=SPE[DIJB$)_POR(JBS) CHD_910_
• DO 10 JaJBStJBEM CHD19110

K=K+I CH019120
KL=LLDIJ) _HD191_O
KK=LLD(J-_ CHD19]_O
IF (KK-KLI 307t30?t306 CHD19150

306 KK=KL-I CHD19160
307 CONTINU_ Cw_19170

IF (POR(J)) 309t309t3_? CHD/9180
309 ALPHA=O. CH_|9190

GO TO 313 CHOIr)210
_12 CONTINUE CHDlq2_o

ALPHA=SPF_D(J+IIePORIJ+ll ?M_192_0

0
e
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DIK)=SOURCEIJ)/PO_(J) CHD}92_O313 CONTINUF rHD|9250
AIKI=IDIFCOS+I_IFCOIJII*6,/DFLTAXlgY) eH_l??60
%AVFt(DIFCO(JI+DIFC_IJ /_LIAXIrL) rH_!_?_
CIKIe-SAVE CH_192RO
_(KI=_Av_+AIK)+ ALP ?H_]g2QO
A(K)=-A(K)- ALPH CHn_qqO0
ALPH=ALP CHD|9_|0

ALP=ALPHA rHD19320
DIFCOSeDIFCO(J) CHD19_O

10 C_NTINU_ CH_19_60
IF (IK-T_R) 11o11+12 rH_19_n

CC(JRS)=C(|I/qI|) eHDig_?o
DDIJBS)=DIII/B(]) CHD19380
GO TO 13 CHDI9_90

l? ONF_Ri]I-CCIJRXXI*AII) CH_9_O0
CC(,JRSI=C(II/ONE rHn19410
DD(JR_)=ID(II-A(]I*nD(J_XX)I/ONF rH_lq620

1_ CONTINU_ rHn196_O
_0 ?0 J=2_J_] rH_19660
K=JBSM+J CHD19650
ONF=_(JI-CC(K-1I*AIJ) CH_19660
IF lONE) 15_1_15 CHDI9_?O

1_ CCIKI=O CHDI96_O
DDIK):O CH_196qO
GO TO 20 ('HD19_O0

I_ CONTINUE CH_19510 :
CCIKI=C(J)/ONE CHD]9520
DDIK)-ID(JI-,_(JI*DD(g-]II/ONE CH_Iq_O

- 20 CONTINUE CH_I95AO

JBXX=JBEM CHD19550100 CONTINUF CH_19560
AIII=-ALPH-SAVE CH_19_70
RI])= ALPHA+DCU+SAVF CHD19580
DI])=DCU_CFIX+SOURCF(JFF)/(_ORIJRE}+I,_-10) CH_19_0
IF (BIlI-CC(JBE-I)*A(1)) I05_I03_I0_ CHDI9600

10_ CONCIJBE)=O, CH_196]0
GO TO 106 CHD19620

105 CONTINUE CHD19630

CONCIJBEI=ID(1)-AI]I*OD(JBE-I))/(B(1)-CCIJBF--])*A(I)) CHD196_O
IF ICnNCIJBF)) 10_10_106 CH_IO_O

106 CONTINUE ¢H_196_0
JBX=JRE CHDIg&70
DO 200 IG=MG_IGR_-I CHD19680
CALL GRINIIG) CH_19690
CONCIJBF)=CONC(JBX) CH_19700
DO 153 J=JBEM_JBS_-| CHD19710
CONCIJ) = DD(J) - CCIJ)*CONC(J+I) CH_lq?20
IF (ChNC(J)) 108,10B_]50 CHDlg?_o

108 CONCIJ) = O, CH_197_0
l_h CONTINUE CHD197_O

JBX=JB_ CH_19?6(}
200 CONTINUF CH_lq770

HOLD=CONC(JBX) CH_19780

(
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IF (IOR-l) 205o2n_,_I_ CHDI9?90
20b IG_L:I CHD19800

GO Tn 21 _ rH_lgR10
210 IG_L=iG_-I _HDI9R_0
215 CONTINUE CHD198_0

DO 250 IG-lo|GRL CHD19_0
CALL GRIN(IG) CHD19850
DO 2_0 J=JB_oJBE CHD|9B60

230 CONC(.;I=HOLD CHO19RT0
250 CONr|NUE CHO|9880

P_TURN ¢H_19_90
FND CHD19900

-_ 14C i
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SUBROUT|N[ FRRORI CWD|99]OCOMMON IRLOCKA/ rHD19920

IABSORP(I01 tAeSC tACTENC ,ACTFNS ,ACTENVI4,10)t C_4D19930

2BSTAR tCCPC(4) tCCPO(4) t(HADPI|I_I) ,CKCI_) , CHDI9a_O
_COFFT(4,IO) ,CONDC ,C_NDV(IO0 I tLONqTl_,10) tC_VEPXIIO0) , CHDIgQ_O
4CPBAR ,CPC tCPV(IO0) _DIF_FC ,(_MATFR(|OI w CHDI9Q60

5EFCOLC ,EFCOLS ,EFCOLVI4,]OItFMISI]O) tFMISC t CHD19970
6H_F_(IO} tHCOM tHC_PG tHSUB ,_T(100) , CHD|9qBO
?MATOMN _MATMNE tMN iNN tNNP t CHD|9990

RNNSAVE tNRDIV ,N_END ,NRGO _NST t CHD20000
qPARTIN(IO|) tPHI ,_BYRAD tOChMR tQEXTP t CHD200IO

1_GPCOM ,OSUBL ,RECPRO tP_OPDC 9P_ORD$ t CHD20020

2_[_ROVIA.10)IRHO_Z eoHO_(_O_1 ,DH_CPX(I01) _PHOC , CHD?00_O
_PH_VI10) tSABL _ABLC tSD_T tSDOTC , CHD_O0_O

4SLOPE(tO) tTMELT(IO} ,TSI *TS(2_¢I ,TRCHAR , CHD?OOSO
5WFZ _WF(_05) tXCHAR ,XINIT ,XLEFTI]01) , CHD20060

6XMASS _XMDOTC _XMDOTD _X_DOTG ,XMDOTL , CHD20070

?XMOD[R tXMOOTS tXTOTAL ,XVlPG(]O]) ,XZONF CHOROOBO
COMMONIBLOCKB/ CHD20090

IALT tAOFA _AOFACH tBETA(20! tPLCOM(20,|II, CHD20100
2BLDENIZO,IIItBLENT(20,lII,BLTEMI20tII)tBLVEL(20_I])_FLRNI20t11) ' CHD20I]0
3BMULT ,DIST(20_11) _FSCOM _FSGAM ,LENGTH(2]) _ CH020120
_NDIM ,NTEMP ,NTHETA ,NTI_'E ,PAMB , CHD201_O
5PSP tPTOTAL tOAMB tOSHOUL t CHD?0140
6R(20t11} tREFCOMI20tlll _REFD_NI20t11) t CHD20]50 _:
7REFENTI20tl|) ,REFRNI20tl]ItREFTEM(20,11_ , CHD20160
BREFVISITUm11) tRHOA ,RHOVI$ _RNPERF , CHD20|70
_RTRAN tSOFS tSWEEP tTHETA(11) ,THETSH , CHD_O|R0
1TTOTAL _UAMB tVISCO$ ,X(20_11) tXEOi20tll) , CHD_0190
2XIAMB tXISP ,XLTRAN tXMACH ,XX t CHD20?O0
3ATEMP tBLVISI?Otl]ItZWAI.L tREFPRI2Ot]I|_HMAX CHD202]0

(" COMMON /BLOCKCt CHD20220
_,, IBLPRESI2OtI|I tCOMMAX tCUTOFF tFl2Ot1]l , CHD202_O

2FLOWI?Otll) tHCONVI2Ot]IItlERROR ,JUNCT ,L t CHD202_O
_N tNOSECH _QBACK *QCONVI?O_I1)_OGAS(20t11) t CHD202_0
40MISC tTIME _TPRINT ,TWALL(20,]II_XIWALL(20tIIIt CHD_0260

5XIR(20tl]) CH020270
COMMON IBLOCKDI CHD20280

]ALPHA(200) ,AMBP(200) ,AMBT(?O0) ,AMULT:_OO) ,_XLD(200) , CHD?0290
2BWTEST tIATMOS ,IPR _IPRINT(?Ot]O) t CHD20300
31O tXX tKK tMELTN ,MELTL t CH020310

i _ MVTEST _NKK tNCHARM _NMATLU , CH020_20
5NMATL tNMATLD _NSTRES *NTBW _NTIME] t CH020330

6NTIME2 _PRINT tPUT(_O) tOBAC(200! _OINC(20) t CHD20360
7OINCR tOM(200) tQTIME(20) _OTABLEI6t?OOt t CHD20350
BPPRINC tRQINC tRXINC tT(L3_; ,TRW(2OOt t CHD?0360
_TEMP(7) tTNT'_O) _TORIBW(200) _ CHO?O_?O
1TSIN(101! ,TT(200) tVl200) ,XINC(20) , CHD20_80
2XINCR_ XTIME(20) tZ(200l tZZ(200) CHD20390

COMMON /BLOCKE/ CHD20600
1DIV tip tlWPLOT tLPLOTH(20) _LPLOTO(20) _CHD_OAIO
2LPLOCW(20) tNCAM .NCPL(20) ,NO_U_A tNORUMB ,'CHD_0620
3NDRUMC tNDRUMD tNDRUME tND_UMF tNLOCnH _CHD20_30
6NLOCP_ _NNLOC_ tNNODEC _NNODET tNNSP tCHD20660

i ,
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5NPAGF tNPLhTH(20) ,NPL_TQ(20) ,NPLQCW(_OI ,NTIM[P ,CHD20_50
bN%PL(?O) ,NVALUC(20) ,NVALUI(20) -PLOT _+ tPINC(20) t CHD2OA60

?_INCR ,PPRINT ,PTIME(_0) +P_LINC tSPECS(_I) tCHD?0470
flSTOPPL tT_ _NNPRFV CHD_06B0
COMMON /nL_CKF/ CHD_0490

IAST_(?0_) ,AXLDEQ ,CCOMSC(6I t_COMSVI4,1OI,CFN+ODC(4) , CHD20500
2CEMODV(_,I0),CEXPC(_) ,CFXPV(_oIO) ,(LCOCF tCMWGAS(4) , CHD205]0

3CNUC(_) ,CNUV(_,I0) ,CSHRSC(4! ,LSHRSVI_t]0),CSTRO(205) t CHD_0520
_CTENSC(_) _rTFNSV(4,10ItGP(?D_) ,PERMC tPIN + CHD20_30
5POROSC *_OROSV(]0) *PSTRII2G_) ,PSIR2(?05) tPSTR_(20_) t CMD20_O

6RIN .RSTRC(20_) *SHRSTR(?0 _) ,SSMAX(?05) tRAD(205) CHD_0_50
7.NSLABT CHD20560

ChM_O_/RIOC_G/ CHD_0570
IQBOI.D tOBWTOT tQCLD(2_,IO) +OCOLD ,OCONVT(20t10)tCHD2056G

2QC;AST(20_I0)_QGLO(2_,IO) _OGOLD _OMISCT ,OMOLD CMD20_90
COMMON /CHC_M/ DTAU_ IBE(IO), IBS(IOI+ IBSPN, CHD20600
IIGTYP(IO), IHDN(_)_ IM_ IZB(_), IZGI3+I0), CHD206]0

2IZGT(_)t JRSW, NCS_(10)t NSHLI3)t NSHR(3)_ CHD20620

3NZEN(3)_ NZSN(_It RHOI(_05)_ RHO?(_0_)_ RHO_(410). CHD20630
_I _TEMPA21205I_TEMPA3(_2I_TEMPA_16_I tTEMPA_(205)t CHD206_0

5 DELX(10_)_ISTLCIOOI_DUM II0)_ICO_ _H_?0650

6IYStLFTtMGeMDUM+NCEN(10),NCUT_ND(3_tNL/ON_SNtSNI+ CHD20660
7SCHFCK CHO?0670

COMMON /RLOCKH/ CHD_0680
1DABS(50) _DABSC(50) tDACTEC(50) tDACTES(50) ,DACT_Vi6t_O)t CHD20690
2DBSTAR(_0! tDCCPC(_tS0) +DCCPG(6tSO) _OCCSCI_50) tDCCSVI4tS0) t CHD20700
_DCEMCI6,50) _DCEMVI6_50) tDCEXPCi4_O)tDCEXPVi_50ItDCKC(6tS0) t CHD207|0
4DCLCOE(50I tDCNUC(_50I tDCNUV(_t_I ,DCOEI_tSO| _DCONt_50! _ CHD20720
_OCSHSC(_tS0)tDCSHSVI_SO)_DCTSC(_50) tDCTSV(4t_0) _DDIFFU(_O) + CHD20730
6DEFCOC(50) tDEFCOS{501 +D_FCOVi4tSO)*DEHISISO) tDEM|SC(S0) _ CHD20760
7DHCOM(50) tDHCO_G(_0) ,_HOFM(50) ,DHSUR(50) t_MWGASi_.5OIt CH_?07_0
8DPERMC(_G) tDPORC(50) _OPORV(50) tDR[ORC(50) _DREORS(50) t CHD20760
qDREORVI_t_0)_DRHOC(50) _ORHOV{_O) .DSLOPE(_OI .DTMELT(S0) t CHD20770
1DIRCHA(K0) _DMATER(50) _XMATER(IOOt_) _TITLE(70) • CHD20780
2M_LTIISOt tMELT_(SC) tTHICK(]O0) tMNODF(IOO) CHD20790
COMMON /BLOCKMICARD(I_) CHD20800
COMMOi4 /NASCOM/ DCHARR(_S8_) CH_?0RIO

_OMMON /DA¢OM/ Al_)t CHD_0_0
]ABVAL +ARVALM_ABVALStB(_2) _C(47) _ CC(?05}_COND{62)t CHD20R30
2CONDX tCONDXXt D(_2) _DD(_OS)tDELTXI10]}tOGAStDQt CHD_O8_0

_DTALIC _OTAUS tDTAUX tDTF_DTR(t),EDFX_EOFXXt'EMI(_?It CHD20850
4ETAtETAStFHT(42}_FHTXtFHTXX,GAGC_GASltGKtGX_GYtGZ_ CHD20860
_HDA(Stl0I_IBSPH_IERR_IGC_IGL_IGLDtIGRtIGRLtIGT_IG2_ CHD20870
6IHYStINEGtINI_IN2,I3_IPLUS,ITER_ITERTtI4_IY_IZtJ_JBE_ CHD20880
7JBEM_JR_X_JRNDI,JBND2)JR_.JB_M_JRSPMtJBSPNtJBXtJRXXtJC_NI ¢HO?0Rg0
8JCFNM.JC_N_JCSNMtJE_JEI+JE2,JHDNtJH_N1,JL_WtJSLABtJXtJZt CHD20900
9KItLANDIDtLRTtMARKtNADD(_2ItNASWtNRNDST_NBND](|I|_ CHO?0q10
INSSWtNDCtNDCMtNLSWIIO)tNOF.NOTIME_NPBSWtNPEIN_NPS2NtNPTSWt CHD2092O
2NRID,NRIDC,NRSW(IOItNRZONtNSLAB(10i_NSLABH(|Oi_NSWtNXSW. CHD20930
3NZONtNZONCtONEtPS|tQSAVE_QTOT.QTOTALtREFCTRtSBKtSONt CMD209_0

6SDOTNtSNStSRA_TARtTAUOUTtTAUSTI3)tTAUltTAU2tTAU2StTEMPA_ CHD209_0
_TEMPSTI_)tTHREE_T_OtWrPtWFXtWFXXtXItXMCOMtXSAVE CHO2Oq60

DI-ENSION XOBOLDII)tXNAMEI10)_ISTOD(IO),OALT(]) "CHD_09?0
_IMFN_I_N _TAU(1t._DIV(1) CMO?0_R0
F'_UIVALENCE (DTAUtDDTAU(1))tIOIV_DOIV(1)) CM_0qg0
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FOUIVALF_C_ t_OLDi|I,_B_LPItI_ALTI]IoALTI CH_I000

DAT_ XNAMEIIlI6HRLOCKAItXNA_EI2II6HSLOCKBI_XNAMFI3116HBLOCKCI CHD21010DATA XNAMEI4II6HBLOCKDItXNAMEI_)I_HRLOCKEIgXNAMC(f)/fHBLOCKFI CHD21020
DATA XNAMEITII6HBLOCKGItXNAME(R)I_HCHCOM/ CHD21030
DATA XNAMEIQ}tXNAM_IIOII%HDACOMtAHNASCOM/ CHD2IO_O
DATA ISTOPIIIII_651_ISTOPIPII40_ItISTOPI_IIIQOII,ISThP;61I4A_II CHD_]0_0

DATA ISTOPISIII_II_I_TOPIfiII2a_5ItlgTOPI?II_O&I,ISTOPI811]_4/ CHD2IO&O
DATA ISTOPI9),ISTOP(IO)II080,_8_/ ¢HD21070
DATA NPTI/2OO/_NOT?/IO01 CHD210R0
DO _()0 l=ltIO CHD21090
GO TO (?50t&OOP2_OP6OO,&OOtAOO,4OOt_%Ot?SO,2_O),I CHD_1100

250 NSTOP:ISTOPXI) CHO?IllO
WRTTF (6_IOlSIXNAM_(I) rHm)l]?O
DO _qO J_l,N_rOp_8 rH_)ll_h
_GO=J-1 CHD_]160
KSTOP=J+7 _HD2]150
GO TO (_10_320.330_3_0_350_60_370._80.38_8R1.! CHD21160

_10 WRITE (&_IOIg)KGO_(ABSDRP(KI,K=J,KSTOP) CHD?1170
GO Th 390 CHD21180

320 WRITE (&,lOIgIKGO,IDALTIKI,K=J_KSTOPl _HD211q0
GO TO 3q0 CHD_1200

_0 WPITE (_IOlqIKGO_(BLPRFSIK_]I,K=J,KSTOP] CH_1210
GO TO 39C CHD?I220

3_0 WRITE (6_IOIgIKGO_(ALPHAIKI_K=J_KSTOPl CHD?]230
GO TO 390 CHD212_0

3_0 WRITE (6_]0|gIKGO_(DDIVIK)_K=J_KSTOPl CHD_I?50
• GO TO 390 CHD21260
360 WRITE (6,]O|gIKGO_IASTRIKI_K=J_KSTOP) CHD212?O

GO TO 390 CHDTI280
370 WRITE 16_1019)KGO,IXOBOLDIKI_K=J_STOP) CHD212qO

GO TO 390 CHD21300
_80 WRITE (A,IoIgIKGOtIDDTAUIKItK=JtKSTOP) CHD21_]O

GO TO 390 CHD21320_8_ WRITE (6_IOI9)KGO,IAIKI_K=J_KSTOP} CHD213_0
GO TO 390 CHD?1340

388 WRITE (6_IO|q) KGO_IDCHARRIKI_K=J_KSTOP) CHD2I_50
390 CONTINU_ CHD?1360
6h0 COtlTINUF CHD21370
_018 FORMATIIH16OX16HDECI_AL DUMp _F A6/I CHD?I_80
1019 FORMAT(1H 06,1X,8EI_,?) CHD213qO

CALL EXIT CHD21600
END CHD21610

6
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- F_P FL_WStFLOWS
gU_OUTINF FLOWS CHD216?0

COMMON InLOC_AI CHD?I630
IA_SORP(IO) oABSC ,ACTEh. _ACTENS ,ACTtNV(4_IO)_ CHO216_O

2BSTAR ,CCPC(_ _ ,CCPG(4) _CHAROT(IOI) tr CC(4I t CHD21650

_C_EFT(_oIO) ,CONDC ,CONDV(IOO) ,L_NST(4_]0) tCOVERXIIOO) _ CHD21660

_CPBAR oCPC ,CDV_IO01 _DIFREC tUMATER(IO) t CHD21&?0

5CFCOLC ,FFCOLS ,EFCOLV(AsIO),FMI%(]OI _FMISC , CHD2]_80

6H_F_(]O} _HChM tHChMG ,HSUB 9_AT(]OO) t CHD21490
7_ATO_N ,_AT_NF tMN ,NN ,NNP , CHD2]500
_4N_AVF ,rJROlV ,_;QFN_ t_PGh ._T . CHD_I_IO
9PARTIN(101) oPHI _QBYRAD tOCOMB tOEXTR t CHD21520

IOGPCOM ,OSURL ,RECPRO ,REORDC ,REORD$ _ C_D215_
2R_O;DV;_,| ^',_, .... ,RIIO_,30_) _...._PX,I^'I_, _,.,._- ; ..... !_0--

_PHOV(10) ,SAPL ,SABLe ,SD_T ,SDOTC _ CHD215_0 "

_$LOPE(IO) ,T_ELT(]O) ,TSZ ,TSI7_5) _TRCHAR , CHD21_60

_WFZ _WF(2h=) _XCHA_ _XINIT ,XLEFT(I_II , CHD;t_?0
&XuASS ,XMDOTC ,XMDOTD ,X_DOTG ,XMDOTL , CHD?ISR0

7XMDOTO ,X_DOTS _XT_TAL ,XVIQG(IOI) ,XZONF _HD)I_q0

IPLPRESI70,]I} tCOMMAX ,CUTOFF _Fl?0,11) _ CHDPI610
2FLOW(20,ll) ,HCONV(20,I]I,IERROR ,JUNCI ,L _ CHD21620

IN ,NOSECH ,OBACK ,OLONVi?O,]]I,OGAS(20_11! • CHD21630
_QMISC ,TI_E ,TP_INT ,TWALLI20,III,XlWALL(20,11i_ eHD?I6_0

6XIR(20,11) CHD?I650
COMMON /_LOrKJ/ CH_71660
IFLUXI(200),TEDEP(2OOI,XEDEP(10lt,EDEP(IOII,NTEDEP, CHD21&70
2NXEDEP,ITEPEP,EDFLUX(IO_) CHD21680

COMMON IBLOCKKINNI_OCOND(20_) CHD71690
COMMONI_LOCKN/COORD CHD21700

CO_MONI_LOCKRIDIFCI_I_E_OCI_I,ERODF CHD21710
COMMON /CHCOM/ DTAU, IBE(!0), IBS(IOI, IBSPN_ CHD?I720

IIGTYD(IC), IHDN(_)_ IM, IZR(3)_ IZGI_,]0)_ CHD21?_O ?
21ZGT(_)_ J_SW_ NCSN(10)_ NSHL(_)_ NSHP(_)_ CHD?]?60

_I ,TEMPA2(205I,TEMPA_(_2),TEMPA_I_?I ,TEMOAS(20_)_ CHD_It_O

DELX(]O0)¢DISTLIIO0),DU_ (]OI,ICOM, CHD?I?70
61YS,LFT,MG,MDUM,NCENIIO),NCUT,NDI3),NLZON,SN,SNI, CHD21780

7SCHFCK CHD21790
COMMON INUCOMI DX(205),XNHDI20_),NADAI67)_MATA(20_)_ CHO21R00

IFM(_?) CHD21810
COMMON /D&COM/ A(62). CH_21R20

IABVAL tARVAL_oABVAL_(62) oC(A2) • CC(20_)oCON0(62)_ CHD2IR_O
2C_NDX _CONDXX_ D(_2) ,DD(20_I_DELTXIIOI),DGA_,DO_ CHD71860
3DTAUC _DTAUS _DTAUX _DTF_DTR(3)_FDFX,EDFXX_MI(A2}_ CHD218_0
_ETA_ETAS_FHTI_2)_FHTX_FHTXX,GAGC_GASI,GK*GX_GY_GZ_ CHD21860

_HDAIg_IO),IBSPM_IERR,IGC_IGL_IGLD_IGR,IGRL,IGT,IG2, CHD21870
6IHYS_INEG,INI_IN2,1P,IPLUS,ITER,ITERT,IX_IY_IZ_J_JBC, CMD21880
7J3FM,JBEX,JBNDI,JBND2_JBS,JBSM,JBSP_,J_SPN,JBX,JBXX_JCEN_ CHD21890
8JCENM_JCSN_JCSNM_JE_JEI_JE2,JHDN_JHDNI,JLSW_JSL_R_JX_JZ_ CHD21900
OKI_LANDID,LRT,MARKtNADDI62)_NASW_NBNDST,NBNDI(||)_ CH021910
1NBSW,NDC,NDCMtNLCW(IOItNOFtNOTIME_NPBSW_NPE1N,NPS2N,NPTSW, CHD21920
2N_ID,NRIDC_NRSW(]0ItNRZON_NSLABIIOI_NSLABH(IO)_N_W_NXSW_ CHD21930
3NZON_NZONC*ONE_PSI,OSAVE_QTO'T_OTOTAL_RFFCTR,SBK_SDN_ CHD21960 "

_SDOTN_SNStSRAtTAR_TAUOUT_TAUSTI3)_TAUltTAU2tTAU2StTEMPA_ CHD21950 i

i
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t

_T_UPST(_]tTHPFEtTWO,WFP,WCX,_FXX+XItXMCO_,XSAVE CHD21960
Cf)_U_N INA£CO_I CHARQn,AIRMt CH_21970

|CARBNI(205)oCARBNS(205)_SILCAII2051tSILCASI2051oPYRO(205)tDEP(Z0_ICHD21980
2oHYDI20_ItAEROI205},AERN(2OS)tBURN(20_ItWF_(205I_ WDEP(205)_WSII20CHD21990
351,WBQN(205),EMWTI20_)tPRG(20_) CHD22000
4,TIMCX(50_TFT(_O)_NPT'_ CHD22010
5,POR(20_I,PERMII205)gPERH21205|,VISCI20_I_GCON_RHOTS*CARTS_SILTS_ CHO_2020
6PORT,DERTI_PERT2oDCGH,DCOO,DCOPY,DCODP,DCOSI_DCOCM,DCON,CFXH,CFXO,CHD220}0

7CFXPY,CFXDP,CFXSi,CFXCH.CFXN,DIFCOI2OSI,SOX(205I CHD220_0
8tALLGAS(2OSItGRAFI(205)tGRAFS{20_},SPEEDi2OS|_DIFCHi?_)oDIFR(205ICHD_2050
DI_ENgION NnND2{IOI,NHDN(_) CH072_60
DI_qI_N DF|.TAX_I',TF"PAI|]_ CH_72070
E_UiVALENCE (TEMPAI(II,TS(1)}_DELTAXI!)+PARTIN(!)) CHD22080
EOUIVALENCE (NBNDI(?},NBND2(1)) CHD22090
_OUIVALENCE (IHDNI2),NHDN(1)) CHD_2'O0
DO 100 IF=IGR_MG CH_L .,:
CALL _RIN(IG! rHn?2.70
IF (IG-I_R} 30_30,20 CH_2_130

20 PORIJR_)=POR(JREX) CHD22]_0
PFRMI(JBSI=PFRMI(JRFXI CHD_2150 -
PFRM2IJR_I=PERM2IJRcX) CHD22_60 _
VISC(JBSI=VISC(JBFX} CHD2?I70
KK=JBS+I CHDz2180

GO TO _0 CHD22190
_0 KK=JB$ CHD22700

• _0 DO 50 J=KK_JBE CH_22210
C_LL PORO CHD22220

50 CONr|NUF CH_222_0
JBEX=JBF CHD222_0

100 CONTINLI_ CHD_22_0. PRFRNT=_LPRES(N_L} CHD22260
ALPHA=WF(JBEI_GCON_TEMP_1(JBE}/( _WT(JBEIePRFRNT_PO_(JBE}+],E-_CHD22270

15) CHD_2280
DO _00 IG=MG_I_-] CHD_2?_0
CALL GRIN(IG| CHD?2300
PRGIJREI=PRFRNT CHD22310
SFFED(JRFI=ALPHA CMD22320
GO TO (I_O_150_150)_JRSW CHD22330

I_0 CONTINUE CHD223_0
DO 1_2 J=JBFM_JBS*-] CqD223_0

• SPFF_(J}=0, CHD22360

1_2 PRG(JI=PRFRNT" CHD22370
GO TO |70 CHD?_80

150 DO 160 J=JBFM_JBS_-I CHD72390
K=LLO(J_ CHO22_O0
_c (POR(JI) 151_151_153 C_D22_10

15] FRG(JI_PRG(_+I} CHD22_20
SPFF_(JI=O, CHD22_30 +)
GO TO 160 CHD22_0

153 CONTINUF CHh22_0
I_ (PFRMI(JII 151_151_1_5 CHD7246_

15_ IF (PFRM2(J)| 1_1_151_157 CHD2_?0
157 CONTINUF CHD22_80

PSO:PRG(J+I)e_2+GCON_TEMPAI(J)/IEMWT(.J)+I,E-IO)'(V1SC(J)_WF(J)I( CHD22690
lPOR{JImPERM1(JI+1,E-15)+(WF(J)/|POR(J)+l,E-1S))*_2/(PERM2(J)+l,E - CHD22_O0
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2?O)),DFLTAX(yI/]_. rHDP_10
pR6IjI=co_T(p£QI ¢H_2&20
SPE[_IJ'=WF(J)_GCON*TEMPA|(.)I/( FMWI(JI_PPG(JI*PnRIJ_+I,F-]5) CH_2530

160 cONTINUf: ¢H_2540
00 16& .J=JR&,JBE (HD72550

TEMP&=TFUPA](j|_*]._ EH_225E0
TEMPB=TrMPA|IJ)**? CHD22570
DIFRIJ)=,37803E-4_TFHPA/I(PRGI.JI+I,_-I_I*FXP(-,]257F-3*TFMPAl(J) CHD22580

]+,6]10F-ReTFMPR_|-p_Ij} CH_22_q0
DIFCH(J) =.67627F-&wTEUPAI(IPRG(J)+|._-|5)*FXP(-.lfl&TF-3mTFMPAI(J)CHD_2600

]+.I_]QF-7*T;_;P))_P_R(jI CH_?2610
165 (ONTINU c ?H_72670
170 CONTINUE CHD22630

•PRFRNT=PRG(JBS} CH_226&0
ALPHA=SPEED(JBSI CHD_2650

_00 CONTINUF CH022660
RETURN CHD22670
FN_ ¢H_72680

q
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- FOR FONEVtFONEV
FUNCTION FONEViARGtISAVEtXRAYtYRAY,NPTStlDELT) CF:D22690
_IMENSION XRAY(I) ,YPAYII) CHDZ2700

C KPATH • 0 - FIRST PASS OF SEARCH IN XRAY CHD22710
C KPATH = -IDELT - DECREASE IaAVE CHD22720
C KPATH - IDELT - INCREASE [SAVE CHD227_0

KDELTsIDELT CHD22760
KPTS_NPTS CHD227_0
KSAVE•ISAVE CHD22760
XARG=ARG CHD227_
_PATH20 CH072780
IFIKPTS)?O_Ot60 CHD22790

20 CONTIhUE CHD22_00
WRITE OUTPUT TAPE 6tlO00.XARG CHD?2810
CALL EXIT CHD22820

40 CONT!NUE CHD228_0
IFIKSAVEI120,60t120 CHD22840

60 CONTINUF CHD22850
KSAVE=K_FLT+I CHD?2@_O
IF(XRAYiKS#VE)-XRAYI;)}BOt20,]20 CH072870

80 CONTINUE CHOZ2R80 C
KSAVE=-KSAVE CHD22890

|_0 CONTINUF CHD_2900
KSUBJ_EABS(KSAVE) CHD22910
KSUBI=KSUBJ-KDELT CHD22920 .
FACTIISIGN(ltKSAVE) CH_22930
GO TO 16G CHD22960

140 CONTINUE CHD229_0 *
KSUBI•KSUBJ CHD22960
KSUBJIKSUBJ+KPATH CHD22970 ,.

/-- 160 CONTINUE CHD22980X2=XRAYiKSUBJ) CHD22990
Y2=YRAY(KSUBJ) CHD23000
OX=X2-XARG " CHD230IO
FACT_X=FACTODX CH_23020
IFI_PATH)220_|B0t260 CHD_3030

180 CONTINUE CH023060
IF(FACTbX)260w_60t200 CH023050

200 CONTINUE CHD23060
KPATH=-KOELT CHD23070
KLIMIT-KDELT+I CH_23080
GO TO 160 CHD23090

220 CONTINUF CHD?3100
KSUB_KSURI CHD_31|O
IF(FACTOX_320t300t280 CHD_3120 ;

240 CONTINUE CHD23|30
', KPATH_KOELI' CH02_|60

KLIMIT•_DELTe_KPTS-II+! CHD23|50
260 CONTINUE CHD23160

KSUB=KSUBJ CHD23|70
IF(FACTDX}280t300t_20 CHD_3|80

580 CONTINUE CHD23_90
IFIKSUB-KLIMIT)|60t_20t]40 CHD23_0G

_00 CONTINUE CHD23210
FONEV_Y2 CH023220

" C" ' "
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GO TO 3_0 CND23230
320 CONT|NUF CHD23240

X].XRAYI_SUBZ) CHD?32_0
yl=yRAYt_SUB[} CHD?326e
DX]-X2-Xl CHD232_0
FONEVs-(y2-y1)/0X|_DX+y 2 CH_3200

340 CONTINUE CHD23290
ISAVEs|SZGN(KSUB.KSAVE) CHD23300
RETURN CH023310

tO00 FORMATilH|.22HFONEV - IND VARIABLE =,E1B.7) CHOZ3320
END CHD?3_30

i,
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, - FOR FRrC,_RF_

FUNrT|_N FREC(RK_RF_RDCt_U_,_UM) CHD_3_40
FREC=RDUM/(RDUM_BDUM EORbC-I.)_IRKˆ�ì�x�CHD_3350
RETURN CHD23360
END CHD_3370

_r
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- FOP F#nNToF_PNT
_Un_nUYINF F_NT CHD?3_80

Cwo_w THE FRONT SUBROUTINE DETERMINES IF FRONT NODE IS DROPPED OR CHD23390
C_wm_ COMBINED CHD23400

DI_FNSInN NHDK(_)o RHO4(306) CHD23_]O
DIHFNSION nFLTAX(1)t TF_PA](I I CH_23420

CCMUhN /flLOCKA/ CHD234_0
IABSORO(IO) tARSC tACTENC tACTFNS ,ACTENV(_,IOIt rHD23_0
2BSTAR tCCPC(_) tCC_G(6) ,LHAPPT(IO|} tCKC(6) , CHD23_50

_COEFTI4.10) _CONDC .CONDV(lOO) .LON_T(6tlOI tCOVERXI10_) i CHD23460
ACPBAR tCPC tCnVl10nl PDIFRFC _UMATER(]O) t CHD?3&70
SEFCOLC .EFLCLS tEFCOLV(A_]OI,FMIS(]O} ,EMISC , CHD23_80

6HOFMIIO) tHCCV tHCOMG ,HSUB tMAT(100) t CHD2_4gO
7MATOMN ,MATMKE tMN 9NN tNNP t CHD?_OG
8NN_AVE oNRDIV _NREND ,NRGO _NST _ CHD23510
9PARTIN(IOI) _PHI eORYRA_ ,OCOMR ,QEXTR t rH_23_20

IOGPCOM ,GSUBL _RECPRO _REORDC tREORDS , CHD235_0

2REORDV{A.IO}_RHOSZ _RHO5(3051 ,RHOCPXII01) ,RHOC _ CHD23560
3RHOV(]0) ,SABL ,SABLC ,SDOT tSDOTC , CHD23550
_SLOPE(10) ,TMELT(]0) ,TSZ tTSl_0_I tTRCHAR t CHD?3S6O
5WFZ ,WF(205I ,XCHAR ,XINIT tXLEFT(IOl| , CHD23570
6XMASS ,XMDOTC _XMDOTD ,XMDOTG _XMDOTL , CHD235R0
?XMDOTO tXMDOTS _XTOTAL ,XVIRG(I01I _XZONE CHD?3_q0

COM_ON/BLOCKC/ CHD_3600
1RLPRESI_Ot11) _COMMAX tCUT_FF _F(?_t11) _ £M_10
2FLOW(_O_I]) ,HCONV(_0_]II_IERROR _JUNCT _L _ CHD_36_O
3N tNOSECH tQBACK ,OLONV(20tllItOGAS(20t11) t CHD23630
_MISC _TIME ,TPRINT ,TWALL(2O,1IItXIWALLi20,11), CHD236_G

5XlR(20_11) CHDZ3650

COMMON /CHCOM/ DTAU, IBE(1O)_ IBSIIOI_ IBSPN_ CHD23660 -,._
]IGTYP(IOIt IHDN(6)_ IM_ IZB(_), IZGI_IOI, CHD73670
2IZGTI_}_ JRSWt NCSN(]0)_ NSHLI_)_ NSHR(3)_ CHD;3680 . ._

_I tTEMPA212051_TEMPA3I_2)'tTEMPA_(_2! _TEMPASI205)_ CHD23700
DELX(]OOItDISTL(]OOI_DUM (10ltlCOMt CHD?3?]0

6IYStLFTtMGtMI:UMtNCEN(IOItNCUT_ND(3_NLZON_SN_SN1_ CHD23720

7SCHECK CHD23730
EQUIVALENCE {IHDN(2I_NHDN(1)) CM_237_0
EQUIVALENCE (RHO3I]O3)tPHO611)! CHD23750
EQUIVALENCE (TEVPAI(1)_TS(liI_(DELTAX(])_PARTIN(1)} CHD23760
EQUIVALENCE (MNODtNNP) CHD23770
IF (MATIMNOD-2}-MAT(MNOD-II) _IO_320t_]O CHD23?B0

310 NCUT = NCUT+2 CHD23790
320 IF (NZEN(NLZONI-NZSNiNLZONI-II 3_Ot_0t_0 CHD23800
33G ICOM = | CHD23810

GO TO 390 CHD23R20
3_0 IF INLZON-1) _50_0_360 CHD_3R_O
350 ICOM = _ CHD23B_0

GO TO 390 rH_238S0
360 IF INZSNINLZON)-NZEN(NLZON-1)) 370t380_70 CHD23860
370 ICOM = 3 CHD23870

GO TO 390 CHO23880
380 ICOM = 2 CHD_3§gO

_0 GO TO (e20_2O_O0t_301_NCUT CHD_3eOO
_O0 NCUT = I CHD2_910
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IF (ICOM-7) 4_t_l%t&l _ rH_Q?0CHD219_0
410 CALL _HTFT] (NLZON,LFTt-I} CHD73940
415 RETURN CHD23950

420 CONTIHUE CHD73960
CALL CO,BIN C_3970

430 NCU? = 1 CHD_3_80
GO TO (460r_SO,_n,460),tCOM CHD73QgO

_40 _G = M_-I CHD_4000
IZGT(NLZON| = IZGT{NLZON)-] CHD24010
NZFNINLZCN) = NZEN|NLZONI-I CHD24020
GO TO _QO CHO24030

_50 NLZON = l CHD_4040
MG • MG-I CHD74050
GO TO 490

460 IF (NCENIMG-1I-NC_NI_G-];-]) 470,47n,480 rHD24060CH_26070
670 IBSIMG-!) s IBSiMG)

[8EI_G-II - !BEIMGI CHD74080 !CH_74ngO
IZG(NLZON,1) = MG-1
NZEN(NLZON) = NZSN{NLZON) CHD76100 ._HD241]0
NZSNtNLZON) = NZSNtNLZON)-I CHD24120
NG = NG-1 CHD24130
GO TO 490

480 NZFN(NLZON) = NZSN(NLZON) CHDZ4140
NZSNINLZ_N) • NZSNINLZON)-] CHD_6150 ;

CHn74160
NCFN(MG) = NCSNING) CH_Z4IT0
NCSN(MG! = NCSNiNG)-I CHD26180
NCEN(MG-1) = NCENIMG-1)-I CHD24190
|BEIMG-11 = IBE!MG-1)-I _HD24200

490 CONTINUE CHD24210

NDI]) • NDII)-IXLEFTINN) = XLEFTIIYS)+SN1 CHD_4?_0
CHD74230

MNOO • NN ¢HD2_2_0
NN - NN-I CH0?6?_0
|YS • ND(1) CHD24260
SCHECK = 0,5*DELX(IYS )

CHD?6270
SN1 = XL_FT(MNODI-XLFrTIIYS) CHD2_280
DISTL(IYS) • 0, CHD2_290
DISTL(MNODI = 1, CHDT_O0
DELXI_YS)=]® CHD24310
RETURN CHD24320END

t
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- FOR GFCOM,GPCOM
SURROUTINF GPCOM CHD24330

COMMON /_LOCK&/ ¢H_24360
IABSOR_(I_) ,ARSC ,ACTENC ,ACTENq ,ACTENV{4,10), CH_4_O
?RSTAR ,CCPC(4! ,CCPG(61 ,_HA_PT(IOII ,CKC(.+) , CHD24360
_COEFT(_,IOI ,CONDC tC_NDV{IO_) *C_NST[4*IO) ,COVFRX(IO_) , CH_74_70
_CPBAR ,CPC ,CDV(100) ,D[F_FC ,HMATER(]O) e CHD24_RO
5EFCOLC ,EFCCLS ,EFCOLV(_,IOI,FMI$(10) ,EMISC , CHD24390
6HOF_(10) ,H_OM ,HC_MG ,IISU_ ,MAT(IOO) , CHD24400
7MATOMN ,_ATMNF ,MN iNN ,NNP , £HD24410
RNNSAVF *NRDIV ,NREND ,NRG_ *NST , CHD_4670

9PARTIN(]01} ,PHI ,_BYRA_ ,_COMn ,_EXTP * CHD?4_O
|QGPCO_ tOSUBL *RECPR_ ,RF_RDC ,REORDS , CHD_4440
?REORDVI4,IOI,RHO_Z ,RHO_(_O_) ,RHOCPX(I01) ,RHOC , CHD_4450
IRHOVIIO) ,SA_L ,S_BLC ,SD_T ,SDOTC * CHD_4460

4SLO_E(IO) ,TMELT(]O) tTSZ ,TS(_O_} ,TRCHAR _ CHD24470
5WFZ *WF[?05) ,XCHAR tXINIT ,XLEFT(]OI) , CHD24480
6XMASS ,XMDOTC eXMDOTD ,XMDOTG ,XMDOTL , CHD24490

7XMODTP ,XMDOTS ,XrOTAL ,XVlPGi]OI) ,XZONE CH024500
COMMON /_LOCKC/ ?H_R4_10

I_LPRFS(20_I 1 ) ,COMUAX ,CUT_F_ ,FIfO,Ill , CH_26_70
2FI.nW(_O,111 ,HCONV(2_,11),IrQRnR ,JUNCT ,L _ CHD_65_O
3N ,NOSECH ,QBACK ,QCONV(20,1_I,OGAS(?0,11) , CMD24560

6Q_ISC ,TIME ,TPRINT ,TWALLI20,II),XIWALL(20,|]), CHD_6550

_XIR(_O,II) CHD24S60
IF (TIME-450.) 10,20,20 CHD24570

10 CONTINUE CH026_80
XKOE=,2316_ CHD_4S90
X_T_PHIeHC_NV(N,L)_X_E CH_6_O0 . _
XMDOTR=XK_EeDIFREC_X_DOTGIIR_TAR+I,E-_O) CHD?6_IO
QGPCOM=HCOMG_AMtNI(XMDOTO,XMDOTR) CHD?6_20
RETURN CHD26630

20 CONTINUF CHD24640
QGPCOM=O. CHD2_650
P_UDN CHD_b60
FND CHD_4670
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gU_R_t,TINF ORI_(IGi rHO_RO
C_W, CHAPm SUBROUTINF IN CHAP --JULY _oE6 VEPSION _HD26690
C LISTING FOR GAUDFTTF R_PR TAPE CHD2_700

COvv_ /nL_CKA/ CHD247|0
IADg_(I_) ,A_SC tA_T_NC o_CTCN g ,ACTENV(_IO), rHD?_7?O
2BSTAR ,CCPC(_} ,CCPGI_) ,LHA_PT(IO]) ,CKC(A} , CHD24730

_COEFT(_t]D} ,CONDC ,CONDV(IO0) tCONST{_,I0) ,COVERX(I00) , CHD2_740
ACPRAP ,CPC ,CDV(]_0) ,DIFPFC ,UmATER(]0) , CH026750

5EFCOLC tEFCOL_ ,EFCOLV(_,I0)tE_IS(]0) ,FMISC , CHD24760
6HGFM(IC) tHCOM ,HCOvG ,HSUB t_AT(100) _ CHD24770

_ATO_N _MAT_NF _VN ,NN ,NNP , CHO2_76v

8NNgAVF ,NRDIV ,N_END ,NRGh _NST , CHD_4790
9PARTIN(ICI) ,PHI ,QRYRAD ,OC_ ,OFXTR , CHD24800

IOGDCO'_ ,OSUPL ,RECPPO ,PF_DC ,_EORDS , CHD26810

2RE_RDV(4,i0),RHOSZ ,RHOS(_GS) ,PH_CPX(10]) ,PHOC _ CHD2_R20
_PHoV(_O) ,SA_L ,SABLC ,SOOT ,SDOTC , CHD_8_0

_SLOPE(10) ,TMELT(10} ,TSZ ,TS(205) ,TRCHAR , CHD2_8_O
_WFZ ,WP(?05) ,XCHAR ,XINIT ,XLEFT(I01) , CHD2a850

&X_ASS ,XMDOTC ,XMDOTD _X_DOTG ,XMDOTL , CHD_R30

7XmDOTR ,XMDOTS ,XTOTAL ,XVIRG{]0]) ,XZONE CHD2_870

CO_ONIni_C_C/ CHO2_R80
IBLP_ES(_0,11) ,COMMAX ,CUTOFF ,F(?O,11} , CHO2_RqO

?FLOWIPC_11! ,HCONV(P0,]]I,IERROR ,JUNCT ,L : CHD?_q00
_N ,NOSECH .09ACK ,OCONVI20_]]),OGAS(?0.1]) , CHD_q]0
&Q_ISC ,TIME ,TPRINT _TWALL(20,1]).XlWALL(?O_]|), CHD2_920
5XIR(20,11} CHD2_930

COMMON /RLOCKJ/ CHD2_qAo
IFLUXI(2OOI,TEDEP(20n),XEDEP(IOII,EDEP(101),NTFDFP, CHD_QSO

2NXFDEP,ITEPFP,ED_LUX(IO_) CH_74q60

COMMON I_LOCKKINN|,OCOND(20_I _HD_&q70COMMONIBLOCKNICOORD CHD_&O80
COMMONIBLOCKRIDIFC(_},EROC(&I,ERDDE CHD?&990

COMMON /CHCOM/ DTAU_ IBE(]0), IBS{]O), IBSPN, CHDZ5000

IIGTYPllO)_ IHDNI&I, IM, IZBI3I, IZGI_,10), CHD25010
21ZGT(_)_ JRSW_ NCSN(10), NSHI.(3I, NSHR(3)_ CHD25020

_NZEN(_), NZSN(3], RHOIIgOK), RHP2(_0¢), RHOgI&]0}, CHD250_0
_I _TE_DATI2n_I,TEMPA_I&2) _TE_OA_I_?} ,TEMPA_(20_), CHD_50_0

S DELXIIO_},DISTLI]OOI,DUU (I0}_ICO u, CHD25050
61YS,LFT,MG,_DUM,NC_N(10),NCUT,ND(_),NLZ_N,SN_SN_, CHD2_060

; 7qCHECK CHD_070
COUMON /OACOM/ A{_2i, CHD25080

1ABVAL ,ABVALM_ABVALS_B(42) _CIA2) . CCI2OS)_COND(4?), CHD25090
2CONDX _CONDXX, DI&?I ,DDI205I,DELTX(]O]I_DGAS_DQ_ CHD25100
3DTAUC ,DTAUS _DTAUX ,DTF,DTRI3I_EDFX,FDFXX_F_I(_2)_ CHD25110
4ETA,ETAS,FHT(_2I_FHTX,FHTXX,GAGC,GAS1.GK_GX_GY_GZ, CH_25120
5HDAIS,]0I,IBSPM,IERP,IGC,IGL_IGLD_IGP_IGRL,_GT_IG_ CHD?SI_0
61HYS,INEG,INI,IN2,1P,lPLUS,ITER_ITERT_IX,IY,IZ_J_JBE, CHD2_160
7JBEM_JBEX,JRNDt,JBNO2_JRS_JBSM_JBSPM,JRSPN,JBX,JRXX_JCEN_ CHD25150
8JCENM,JCSN_JCSNM_JE_JEI_JE2_JHDN,JHDN],JLSW_JSLAB_JX,JZ_ CHD25|60
9KI,LANDID,LRT,MARK,NADD(_2),NASW,NBNDST_NBND]I11)_ rHD25|70
1NBSW,NDC,NDCM,NLSWI]0I_NOF_NOTIME_NPBSW_NPE1N,NPS2N,NPTSW, CHD25|80

2NRID,NRIDCtNRSW(I0)tNRZON,NSLAB(IU)_NSLABH(IO),NSW,NXSW, _HD25190 1
_NZONtNZONC,ONE,PSItOSAVEtOTOT,OTOTAL,_EFCTR_SBK,SDN, CHD25200
_SDCTN'SNS'SRAtTAR'TAUOUTtTAUST!3I'TAU1'TAU2tTAU;StTEMPA, CHD25_|O

i( J
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_I[_PST(_)_THR_FtTW_,WFP.WFX,aFXX_XI_XMC_.X_AVE £HD_5720
DIMENSION N_NOP{I_)tNHPN(_) CH_52_0

EQU]VALFNCE (_N_]{?},NBND?_I}) CHD_5240
EOUIVALFNC[ {IHDNI2),NHDN(|}! CHD25250

JB_ = I_(IG) CHh75260

Jn_M = JBS-I CHD25270

JLKW = NISW(IG) CHD_52_0
JRKW = NP_W{IG) CHD_5_90

Jr1 = NS[ ABHIIG) rH_?5_O0
JF = JE]+] CHD25_10
JE2 = JE]-I CHD25320
JBNn] = N_ND|(IG)-3 CHD?5_0

JBND2 = NBND2IIG! CHD)53_0
IGL = I_-I CHDP5350
JBF = IBF(IG) CHn25_0
JBE_ = JBE-1 £HD75370
.ICKN = NCSN{IG) rH_753R0
JCEN = NCEN(IG} CHD25_90
JCSNM=JC_N-1 CHD25400
JCFNM = JCEN-1 £HD25410
IGC = IGTYPiIG) CHD25420

JHDN = NHDN(IGC) CHD75_30
JSLAB • NSLABIiG) CHD_5440
JRcP_ = IRSPN+JCCN rHn254_
JBgPN = JBSPM-] CHD25460

RFTURN rHD?5_70
END CHD25480
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{
- ASu TNTT_INTT

RCGNAM rH_5_90

¢(1),INTTo _X,I _11_qAVF rH_5_00
M_[A MID_FSt+[SLJ 5TUFF?I CHDP55]0
_$S_A MgERRSt+(J DIAG'/) CHD_5_20

SAVE J 0 CHD25_0

FND , CHD_55_0

, L
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- cop ITFDQ_ITcP_
_Lf_R_UTINF IT!_(T,_I,Z,O_FCT,TOI ,1 I CHD25550

TI =r CHD25560

DO _ N=l,ln_ fHD25 _0

TP=rCT (TI,XI,Z ,P) CM0_5580

T_zFCT (T2,×I,7 _P) CHD255@0

Tr(T1)lO,l,lO rH_25&30

I IFIIp-TIilI,P,I! CH))5670

II A=(T_-T2)/(Tp-TI) CH_?56tO

2 TI=T3 CHD25650
GO Tq _ CHD25660

Q=A/(A-_,) CI(_P5_70
TI=Q*T?+(I,-Q}*T_ CHD256,_0
IFITII_tP,A CHD_5690
rONTINU_ CHD3_700

WRITE (_,1000) CHD25710
!000 FORMAT(IH0_0X33HCONVERGENCE NOT ACHIEVrD IN ITFRfl) CHD25720

WRITEI6,2000)TI_XItZ,P CHD257_0
2000 FORMATIIH030×_HT : FI_,4,SX_HXl = EI0,A,SX&HZ : EI0,_,SX&HP = EI0,CHD257_O

1_) C_D_5750
T:TI CH025760
_FTURN CHD?57_O
END CHD_5780

: )
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- FOK |WR,iWR

_UFOO_TTINF IWP(Z,Ttx]) CH_25790
A=_6_O./T CH{,RSR00
A=(Y.-Z'*(2.&+AIIFXP(A)-].)) CH_?SRI0
R=_e 00,/T.CHD?SR_0
IFIZ-I.2)_,6.1 ¢HD_58_0

) IF(Z-_.}5_ CHD25860
ZERT=l*5_Z 0.*Z-424800.)/TCHD25RS0
GC TO 7 ¢HO25R60

5 Z_T=A+.?_B+(Z-].21_(3.+20_6OO./T) CHO_SRTO
GO TO ? CHD?SRR_

6 ZF_T=A+EZ-_.}*R CHD?SR90

7 Xl = .0_SeT_(ZFRT+Z) rH_Sq00
RrTUR_ CHD25910
END CHD25920

_ ;57
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cUNCTI_N LI_IJ! cH_?Sq_0

IIGTYPIIC_, IHONIal, IM, lZS(_l, IZGI3,10I, CH075950
2IZG'(_), j_S_, NC_N(1O), _SHL{_I_ NSHP(_I o CHfl_q60

_NZCNI_ I, NZSN[_), _H0]l_0$)o RH_p(_P_} _ RH_f&]0) t CHD_SqT0

DELX(IOq),DISTLI!OOI,DU_ (10)_lrP u, CHD?SgO0
6IYS,LFT,UG,MCU_,NC_N(]OI,NC!IT,NDI_I,NIZ_N,SN_SN|_ CHD26000
VSCHFCY CH_?_010

NZON=n C11D_60_0
LL_=J _HD26040
RETURN _ _ ^=n

& IF (J-IBT} 7,_,8 CH026060

7 NZON=] CHD26n70
_0 TO _ _H_76080

# NZmN=_ CHD_6_0
q _=J-IZRJNZONI CHD?6|O0

_v=_l_ CHD261|0
LL_=NZSN(NZ_NI + _ CHD26|20
_cTU_N CHD_6130
END CHD261_O

<.-)
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- FOR _AINtUAIN
COMMON /BLOCKCI USER(22OI.ccqMAX rHD_6]50
COMMON /BLOC_A/ FILLI(52T),_AT(IO0)oFILLT(3),NNtNNPtFILL_I_tPARTICHD_615_

IN(101)orlLL_I_q2),T_(?0 c) CH_61_7
CO_ON /D_CO_/ UPPED(9?2)tNASWtUPSITI_)oTAUI CHD26160
COMMON /TABCO_/ NDOTSIh)JTIMEI(1OO)tTIME2(100).TIME3(IO0), CH026170

1TIME4{IOO)_DSTEP(lOO)tPSTEP(130)gXRI(lOC)tRH(|O_¢OMU(lOO)t CHD_6180
2TT(IOO)_PP(]O0)tFF(]00)tAST(100) . CHD_6]90
DIMENSION TITLE(12)tNAMF(2) CHriS61a_
TPRINT=_. CH_76200
NTABT=0 C_D_6210
TFND=IeF6 CHD)6220
TR'J!=0. CHD_$230
_TO=O CHD26_3
READ _5,9q0) TITLE CH_S
WRITE (0.992) TITLE CHD_62_B

3 CONTINUF CHD?62_O
READ {5tI0001NTAB_NTYP CHD_6_0
NTABT=NTABT+] CHD26260
I=I CHD76270
IN_RST=I CHD_62R0

5 CONTINUE CHD_6?go
GO TO (_Ot20t30_0)_NTAB CHO_6_UJ

10 CONTINUE CHD26310
READ (5_1010) TIHE](1)_DSTEpII) CHD26320
TIMEZ = TIMEI(I) CHD_6_O
GO TO 50 CHD26_60

20 CONTINU_ CHD_6?_0

READ (5,!010) TI_E2(II,PSTEP(1) CH_6360 ;
/ TIMEZ a TIME2(1) CHD26370

GO TO 50 CH_6380
30 CONTINUE CHD26390 :

GO TO (33,36)_NTYP CHD26600
33 READ (5.1010) TIME3(It_XRI(1)_RH(1)_OaU(I) CHD?6610

GO TO 37 CHD26_20
36 READ (5,1010! TI_E3(I)_TTIII_gH(I) rH_?66_
37 TI_EZ=TIME3(II CH_26440

NASW=NTYP CH_6650
GO TO 50 CHD?6_60

_0 CONTINUE . CHD266T0
READ (5_1010) TIMEAII)_PP(1)_FFil)_ASTil) CHD_6A80
TIMEZ=TIME_II) CHD26_90

50 CONTINUE CHD26_O0
GOTO I6?_60I_INFR_T rHh?6510

60 IF (TIMEZ-TIMEY) TCt70,65 CHD?65_0
62 _NFRST=2 CHD26530
65 CONTINUF CHD26560

I=I+l CHD26550,
TIMEY=TIMEZ CHD26560
GO TO fl CHD26ST0

70 NDOTS(NTA_I=I-I CHD_6_80
TEN_=AMINIITENDeTIMFY) CHD_6_9O
IF (NTABT-_t 3,80_80 CHD_6600

80 CONTINUE CHD266t0
NDOTSX=NDOTS(1) CH_66_0
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WRITE (6.1020) (TIMEI(IttDSTEP(I)*IzItNDOTSX! CHD26630
NDOTSX=NDOTS(2) CHD26640
WRITE |_t1_21 (TIME2IIttPSTEP(I}tI=ltNDOTSX) CHD_66_O
NDOTSX=NDOTS(_) CHD?66hO
GO T_ (_a,q_)tNASW CHn)6670

90 CONTINUF CHDP6680
WRITE (6t]026) (TIME3(II,XRI[I),RH(I},QMU(1),ItltNDOTSX) CHD)6690
NDOTSX=NDOTS(4) CH_2669_
GO TO 98 CHD2$TO0

95 CONTINUE _HD26710
WRITE I6t1026) (TIME3(1)tTT(IIoRHIIItI-|tNDOTSX) CHD26720
NDOTSX-NOOTS(6) CHD267Z0

9B CONTINUE CHD?6T60
WRITE (6t1028) (TIME4III,PP(I)_FF(1)tAST(!)tI-ItNDOTSX| CHD26768
COMMAX-I.F-6 CHn_67_
WRITE (6_I030) CHD26750
NNP=O _ CHD26751

99 CONTINUE CHD2675_
NN=NNP Ct'D26753
READ (5,1031) MNOtNAME,WIDEtNUMERO CHD2675_
IF (MNO) 112,112t110 CHD_6?_

|10 NND=NNP+NUMERh CHD_67_6
NN=NM+I CHD26757
WRITE [6tlC33I MNO,NAMEtWIDEtNUMERO CHD_675e
DWIDE=WIDEIFLOAT(NUMERO) CHD26T_?
MTO_MAXO(MTOtMNO| CHD26760
DO 111J=NNoNNP CHD_6761
MAT(J)=MNO CHD2676_
PARTIN(JIs_WIDE _H_26?63

111CONTINU_ CHn_6766 "-

GO TO 99 CHD2676_ )
]|2 NN=NNP CHD26766 _

NNP=NN+I CHD26767
READ 15t1032) TS(1) CHD26768
DO 113 J-It106 _ CHD26769

; 113 TS(J}=TS(I) CHD_6770
CALL OUTPUT IMTO) CHD26?71

: GO TO 109 CH_76772

.. 100 IF (I,00OOI_TAUI-TPRINT) 104tlO2tlO_ CHD7677_
102 CALL WRITE CHD26776

DPRINTmTBSTEPITPRINTtTIME2_PSTEPtNDOTS(2)I CHD26780

TPRINTmTPRINT+DPRINT CHD26790
106 CONTINUE CHD26800

IF (T_ND-leOOOOleTAU1) 106_106t108 CHD26810
106 CALL EXIT CHD_6820
10_ CONTINUE CHD_6R_O

DPRINTm,PRINT-TAU1 CHD_6840
DTENDmTEND-TAU1 CHD_6_O
COMMAX-TBSTEP(TAUI_TIMEltD_TEPtNDOTS(1)) CH0_6860
COMMAXmAMINIICONMAXtDPR_NTtDTEN_t CHD?6BTO
SET_I,E-6_TAU1 CHD26880
COMMAXmA_AXIICOMMAXtSET) CHD_6890

109 CONTINUE CHD2689S
CALL CHARM ?HD_6900
GO TO 100 CHD_6910

¢
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990 FORMJT (12A6) CHD26913
992 FORMAT (4X12H TITLE .... 12A6//I CHD269]7

1000 FORMAT (2|10} CH_26q20
1010 FORMAT (4F10.0) CHD26930
1020 FORMAT I1H09X35HCALCULATION TIME STEP CRNTROL TABLE/]gX&HTIME7X. CHD2696u

lqHTIME STEP/19XSH(SEC_8XSH(SECI/IF2_.2tFl_°_I! CHD269_5
1022 FORMAT (1H09X29HPRIN_ TIME STEP CONTROL TABLE/19X4HTIME7Xt CHD26950

19HTIME STEPI19XSH(SEC)BXSH(SECl/(F2_.?_Fl_°_)I rH_6q_
102_ FORMAT (1H0o9_23HSURFACE HEAT FLUX TABLE/ CHD2696u

1]9X4HTIMESXSHRECCV_Y3X1]HHEAT TRANSFER3X9HMISC HEAT/ CHD_6970
231XEHENTHA_PYSXgH_A_AMETERSXlIH TO SURFACE/19XSH{SECI6XgH(BTU/LBMICHD2697_
33X13H(LBMIFT2-SEC}3X9HIBT_iSECII(F25°2oFI3.2+F13°StFIS°3)) CH026977

1026 FORMAT (1H0_9XZSHSURFACE TEMPERATURE TABLE/19X_HTIME6XllHTEMPERATUCHD26980
]RE2XI3HHEAT TRANSFE_I6_XqH_ARAMETERIIgXSH(SEC)7X?H(DEG RI4XI;H(LBMCHD2608_

2/FT2-'SECI/(F25o3oF13*Z.F13,5)} ' CHD26987
1028 FORMAT (1HO.9X66HLOCAL STATIC PRESSURE AND F_OW CONTROL TABLE/ CHD269QO

119X_MTIME6XgHLOC PRESS4X_HFLOW4XI2HLOCAL STRESSIIgXSH(SECISX9H(LBFCHD26991
21FT2)_X_HI'-15X9H(LBFlIN211(F25,2tF13,4.FB°O_F13,4)} CHD2&992

1030 FORMAT (IHIgX9HMATERIALS///15X36HMATE_IAL NAME THICKNESS NUMBERCHO?6993
10F/33X4H(I_)TXSHNOOESI CHD26996

1031 FORMAT (I10,2A6_F]8,_I10| CH_76qQ7
1032 FORMAT (F10.4| CqO26qg8
1033 FORMAT (13X_lHIIl_lH)2A6.F10°6,I9) CHD2T000

END CHD2?010

(
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rOMM_N I_L_CK61 rHn_7010
IABSORP(I_} ,A_S_ ,ACTENC ,ACTFNS _ACTENVI4tIOIt CHO270AO

2BST_R ,CCPC{4) ,CCPG(_) ,CHAQPTIIOl) ,CKC(4) , CHn27050
_COErT(&,101 ,CONDC ,CnNOV(100) ,L_NST(4,101 ,rOVEPX(]QO) • CH_TG60
4CP_A_ ,CPC ,COY(100) ,DIFPFC ,IIMATFR(]O) , rH_27070
5[FEOLC *EFCOL5 ,EFCOLVI4,10),F_IS(]0) ,EMISC , CHD270R0
6HOFU(_O) IHCO _ tHCOMG ,HSt)R ,UAT(lO_) ¢ CH_77_Q0
?MATOMN ,MATMNF _MN ,MN *NN_ • CH_27]00
8NN_AVE ,NRDIV ,NREND ,NRGQ ,NST , rHD2711q

9PARTIN(]Cll ,PHI *ORYRAD ,_C_B ,OEXTP • CHD?7170
]C _COM eOSUBL ,RFCPPO ,RFOoDC ,PFORDS , rH_27130
2REORDV!_10),o_OTZ _O_(_0=1 *PH_CPXIIOII ,_HOC • CHD27140

_HnV(101 ,SDRL ,S_RLC ,SOnT ,SnOTC , rHn?7]50
&SLnoFlln) ,TUFLT(I_) _TSZ ,TS(2n_I ,T_CH_D • rH_71_O
_wcZ ,WFI?OK) ,XCHA_ +XINIT ,XLCFT(IO]) , CHn_717n
6X_A_S ,X_DOTC ,X_DnTD ,XMD_TG ,XMDOTL , CHD?TI80

_W_D_ ,X_D_T$ ,XTOTAL ,XVIRG(10]) ,XZONF CHD??lqO

COMMON/_LOCKCI CHD27200
_LPRES(20,]]I ,CO_AX ,CUTOFF ,F(20,]I) , CHD27210

;FLOW(20,11) ,HCONV(?0,11_,IERROR ,JUNCT ,L , CHD27220
• N ,NOSFCH ,OBaC_ ,QLqNVI_O*II),OGAS(2_11) , CHD_7?_O
A_'_I$C ,TI_E ,Ta_INT ,TWALL(20_]II,XIWALL{2q,11), CHD27740

_>In(20.11) CHD?72_O
COMMON I_LOC_,I/ rH_7_

IFLUXI(_OC),TEDEP(2On),XFDEP(IOI),EDEP(IOI)_NTFDEP* _HD?7770
2NXFDEP_ITFPFP,FDFLUX(I(m) CHD77280 :

COMMON I_LOCKKINNI,OCOND(205) CH_27290

COMMON/PLOCKN/COORD _HD2?_O0

COMUONIBLOC_RIDIFC{_I,FnOC(_I,ER_DF CH_7_|O
C_UUqN /CHC_/ DTAU, IBE(IO)0 IRS(IO1, IBSPN_ CMP, 7_20 _"

IIGTYPII_I, IHDN(4), IM, TZB(_}, TZG(_,_O), CM_7_O -"

2IZGT(_), JPSW, NCSN(_0), NSHL(tl, NSHP(?), CHD_Tq40
3NZEN(_)* NZSN(_)_ RHOI(_05I* RHO?(_O_}, RHO_(410)* CHD27_50
41 ,TEMPA2(205),TEMPA3(42),TEvPA4(42) ,TFMPA_(20_), CHD27_60
5 DELX(]OOI,DISTL(]OO|,DUM (]0),ICOn, CHD27_70

oIYS,LCT_MG_WDUM_NCEN(IO),NCUT,ND(_I,NLZON,SN,SN]_ CHD2?_80
7SCHECK CHD_7_90

COMMONINUCOMI NADA, CHD_7600
1[M(4_) CHD27_In

COMUON /DACCM/ A(_2!, CH_7_20
IABVAL _ABVALM,ABVALS,B(&2) *C(&2) * CC(20_),CONDI&P}, CHD??4_O

2CONDX ,CONDXX, D(_2) ,DOI20_I,DELfXI]01I,DGA_,DQ* CHD77440
3DTAUC ,DTAUS ,DTAUX *DTF_DTRI_),_DFX,EDFXX,FMI(62), CHO2?6_O
6ETA_ETAS_FHT(421_FHTX*FHTXX,GAGC,GAS1*GK,GX,GY,GZ, CHD?7_60
5HDA(5*10_*IBSPM*IERR*IGC*IGL,IGLD*IGP,I_RL_IGT*]G2* CHD27470
6IHYS,INEG*INI*IN2ilP*IPLUS*ITER*ITERT*IX,IY*IZ,J_JBE* CHD27680
7JBE_tJBEX*JBNDI*JRND?,JBS_JBSM*JBSP_*JBSPN,JRX*JRXX*JCFN* CHD27690
8JCENM*JCSN*JCSNM*J_*JE]*JE2,JHDN*JHDN],JLSW*JFLAR*JX_JZ, CH_27_00
9K|*LANDID*LRT,MARK*N_DDI62),NASW,NBNDST*NBND_(I]), CHD?TK10
1NBSW*NDC,NDCM*NLSWI1GI*NOF,NOTIME*NPBSW*NPE1N,NPS2N,NPTSW* CH027520
2NRID_NRIDC*NRSWI]O_*NRZON*NSLAB(]O),NSLABH(IOI*NSW,NXSW, CH 27_0
3NZON*NZONC*ONE_PSI*QSAVE,OTOT,OTOTAL,REFCTR,SBK,SDN_ CHb27540
6SDOTN*SNS*SRA*TAR,TAUOUT,TAUSTI3I*TAUI*TAU?*TAtl2S*TEMPA* CHD2T_50
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5TE_PST(_)gTHREE,TWO_WFP,WFX,WrXX,XI,X_COMtX£AVE CH_?7_&O
COMMON INASCOv/ CHAPROcATPUt rH_27_?0

ICARBN](?0_I_CARBNS(?O_itSILCA](?O_i,SILCA&()0_),PYRO(705_,DEDiS_ICHD27C_O
2,HYD{?OS)tAERO(LSCS}_AERN(2OSI,BURNi_O_},W_D(?05), WDFP(20'_i_WSI(20CHD27590
15_,WBRN(?QS),EHWT(205)_PRG(?0 &) CHD27600
A,TIMFX(_OItTFT(50},NPTS CHD?7610
5,POR(205),PFRiA_(205),PERM2(205},VISC(20_),CCON,RHOTS,CART;_,SILTS, CHD27620
6PORT_PERTIoPER,T2,OCOH,DCOO,DCOPY.DCODP_DCOSItDCOCM.OCON,CFXH,CFXO_CHD27630
7CFXPY,CFWDP,CFXSI,CFXC_CFXN,DIFCh(_q_),S_X(_O_) CHD_7640
B,ALLGAS(205)tGRAFI(2OS},GRAFS(2OS),SPEEDiS0_I,DI_CH(_OS),DIFR(205)CHnS?6D0

9tVISCO,VISC_NtAFtBF,SILI(A_REQ,PMW,_MW,HMW,AOMW,_NMW,SdW,B_W_CX(6)FHD?76@O
DIMENSION NMNDS(]0),NHDN(_} rN_?7670
EGUIVAL[N_E ;N_NDI[2},NBND_(_I_ CHD?76BO
EQUIVALFNCE (IHDN(2),NHDN(])) CH_T_Qo
EOUIVALENCE {TEMDAI(_I_TS(I)),(DELTAX(I),PARTIN(]|) (HD27100
DIMENSION DELTAX(I},TE_PAII]) £HD277]0
DO 100 IG=IGn_G rHD_?_?O
CALL GRIN(IG) rH_779_O
IF {IG-IGR! 30,I0_0 £HD;??_O

20 CONTINU _ ¢HD277_0
ALLGaS(JBS)=ALLGAS(JPEX} CH_77760
EMWT(JBS]=EMWT(J_FX _ CH_?7770
K_=JBS �l�CHD277_0
GO TO _0 CHD_77g0

30 KK:J_ CHO77R00
40 _0 50 J=_K,JRr rHn?7R10

ALLGA$IJI=PYROIJI HYD(JI+AEROIJI+AERN(J}+SOX{J}+RURN(J!CH_?TR?O
!+l.E-20 CHD27830

EMWT(JI=ALLGASIJ)I(PYRO(J)/PNW+DEP(J)ID_W+HYD_J)/HMW+AERO(J)/AOMW CH_77_O
I+AERN(J)/ANMW+SOX(JI/SMW+BURN(J)/BMW+5,F-_2) CHDZT_50

50 CONTINUF CHD27860
JBEX:JBE CH_7870

100 CONTINUF "H_?TnRO
IF {IGR-]) 205,205,710 CHD?TB90

20_ IG_L=! CHP77q00
GO TO 215 CH_779]0

210 TGRL:TGR-I rH_)7_20
_1_ CONTINUF CH_27q30

JBEX=IBS(IGR) CHD27q&O
DO 250 IG'I,IGRL CHDSTQSO
CALL GRIN(IG). CHn27_60
DO 2_0 J=JB$,JBE CH_TQ70
EMWTIJI=FMWTIJBEX) CHD27_R0

730 ALLGAS(J}=ALLGAS(JBFX) _H_7_O
250 CONTINUF _Hn28000

RETURN CHD?80IO
END CHD28020
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- F_R PCAPF.PCA_F
FUNCTION PCAPF(K) CHD_8030

Ce*'o TH[ DCAPF SUBROUTINE CALCULATES THE DENSITY-SPECIFIC HEAT PRODUCHD280_0

_I_FN_ION NHDN(3)t DHO_(_06) CHD28050
_I_FNSIt_N DFLTAXIII_ TE_A](II CH_Bn60
CO_uON InLOCKA/ CH_?BOTO
|ABSORP(IO) tABSC ,ACTENC _ACTENS _ACTENV(4,10)I CHD_BOBO
2BSTAR *CCPC(6) gCCPG(4) *LHARPT(IO]) _CKC(4) t CHD?8090

3COEFT(6tIO) .CONDC tCONDV(IO0) _CONSTI_,IOI ,COVERX(IOO) _ £HD28100
_CPBAR ,CPC tCDUMIIOO) _DIFRFC tUMATERIIO) . CHD28]I0

_EFCOLC _EFCOLS _E_COLV(_,|01,E_IS{10I ,EMISC t CHD28120

6HOF_(10) ,HCO_ tHCOMG ,HSU_ ,MAT(IO0) , CHD)81_0
?HATO_N ,_T_F _MN ,NN tNNP t CH_28140
8NNSAVF gNRDIV _NREND ,NRGO .NST t CHD)8_50
9PARTIN(I01) •PHI tOBYRAD _OC()MR tOEXTR t CHD28160
_OGPCOM _QSUBL _RECPRO _REORDC ,REORDS e CHD?8170
2REORDV(_,I0)_RHO5Z ,RHO5(305) _RHOGPX(I01) ,RHOC , CHDSB]BO

_RHOVIIO) _SABL _SABLC _SDOT _SDOTC _ CHDSB190

_SLOPE(_0) _TMELT(IO) ,TSZ ,TS(SOSI ,TRCHAR • CHD28200
5WFZ _WF'(205) _XCHAR •XINIT •XLEFT(I011 • CH_287]O

6X_ASS _XMDOTC •X_DOTD _X_D_TG •XMDOTL _ CHD_R220
?XMD_T_ ,XMDOTS •XT_TAL _XVIRG(]Ol) _XZONF CH_?8?_O
CO_MON/BLOCKC/ CHD_B_&_
IBLPRES(?0,]]) _CO_MAX •CUTOFF _F(20_11) • CHDSB250
2FLOW(20_111 _HCONV(20,I])•IERROR _JUNCT •L • CHD28260
3N _NOSECH _QBACK •OCONVISO•]lI•QGAS(20_11) • CHD28_70
_OMISC •TIME _TPRINT _TW_LLISO•]IIeXIWALL(20_11)• CHD_8?80
_XIR(20,11) CHDSB290
COMMON ICF'COM/ DTAU, IBE(10)* IBS(IO}_ IBSPN_ CHD28300

IIGTYP(!0)_ IHDNI&)• IM, IZR(_)_ IZG(_I0)• CHD_8110 --
21ZGT{3}, JRSW, NCSN(IO}_ NSHL(3)_ NSHRI3)_ CHDSB3_O
_NZEN(3), NZSN(3)_ RHOI(3OS)• RHOS(30$). RHO3(_I0)_ CHDSB330 --

_I ,TEMPAS(205)•TEMPA3(_2)•TE_PA_(62) _TEMPAS(SOS)_ CHD28360
5 DELXI100),DISTLII00)_U_ (IO)_ICOM_ CHD28350
61YS•LFT_MG'_MDUM_NCEN(IO)_NCUT_NDI3I_NLZON_SN_SNI_ CHD78360

7SCHFC_ CHD?B_7O
COMMON /DACOM/ A|6_)_ CHD?83B0

IA_VAL •ABVALM_ABVALStB(_2) _C1_2} _ CC(20_IeCOND(_2)• CHD78390
?CONDX _CONDXX• O(_2) ,DDi205I_DELTXiIOII•DGAS_OO_ CHDS_60O
3DTAUC _DTAUS ,DTAUX _DTF•DTR(3)•EDFX_EDFXX•.EMI(_S)_ CHDSB610
_ETA,ETAS_FHTI_SI_FHTX_FH_XX_GAuC_GASI_GK•GX_GY_GZ_ CHD28620
5HDA{5,1OI,IBSPM,IERR,IGC,IGL_IGLD_IGR_IGRL,IGT,IGS_ CHD28630
6IHYS_INEG*INI•IN2*IP•IPLUS_ITER•ITERT_IX_IY•IZ_J_JBE• CHD2866D
?JBEM_JBEX_JBND_•JBNDS_JBS•JBSM_JBSPM_JBSPN_JBX_JBXX_JCEN• CHD_8650
8JCENM•JCS_JCSN_JE_JEI_JES,JH_N•JHDNI_JLSW_J_LAB_JX•JZ_ CHD28_60
9KI_LANDIDtLRT_VARKtNADD(_2)tNA_W.H_._DST_NBNDI(_I)_ CHD2B_70
INBSW_NDC_NDCM_NLSW(10)_NOF_NOTIME_NPBSW_NPEIN_NPSSN•NP'SW_ CHDSB_80
2NRID_NRIDC,NRSW(10)_NRZON,NSLAB(IO)_NSLABH(IO)_NSW_NXSW. CHD28690
3NZON_NZONC_ONE_PSI•QSAVE_QTOT_QTOTAL_REFCTR_SBK_3DN• CHD28500
_SDOTN,SNS,SRA_TAR.TAUOUT,TAUST(3ItTAUI.TAUS_TAU2S_TEMPA, CHD28_IO

_TEM_T(_)_THREE'TWO'WFP,WFX_WFXX•XI_XMLhM_XSAVE CHD?B520
COM_OH INASCO_/ CHARRO_AIRM_ CHD28530

1CARBN_(_05)_CARBNS(?0_I_SILCAIIS0_I_SILCA_I_O_I_PYRO(_O_)_DEP(20_)CHD_8_O
2_HYD(SOSI_AERO(2OSI_AE_NI205I•BURNI?OSI_WFD_205_ WDE_(205I_WSI(?0CHD285_O
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q,TI_EX(_0)_TFT(SOI,NPTS CHD28570
5.POR(2OS),PERM](20S],PERM2(2051,VISC(2OSI*GCON,RHOTS*CARTS*SILTS, CHD28580

6PORT_PERTI,PERT2PDCOH,DCOO_DCOPY,DCODP,DCOSI,DCOCN,DCON,CFXH*CFXO*CHD28590
7CFXPY,CFXDP,CFXS" CFXCP_CF) N,DIFCO(205),SOX(20_) CHD28600
8_ALLGAS(20_)gGRA 205} CHD28610
EQUIVALENCE (IHD ),NHDN(]_} CH_8_ _n
EQUIVALENCE (RHO3{103)0RHOE,'I}) CHD286_0
EQUIVALENCE (TEMPAI(I},TS(1)),(DELTAX(]I,PARTIN(1)) CHD28640

EQUIVALENCE (MNOD,NNP) CHD28650
'IPENSION AREAI42)-AREAV(_2} CHD_86_0

EQUIVALENCE |RHOCPX(44)eAREA_lI,AREAV(43)) CHD28670
KL=JBSM+K CHD28680
GO TO II3*T*?ItJRSW CHD28690

7 CPC _ CCPCi|)+TEMPA_IK)_ICCPC_2)+TE_PA3IK)o(CCPC(3} CHD_8700

]+TEMPA_iK)*CCPC|4)) } CH_28710
CPC=CPC_(CA,]BNI'KLI+GRAFIIKL)+SILCAI(KL)I/RHOC CHD2B?20

13 CPV = COEFT(I,I)+TEMPA3(K)elCOEFT(2,1)+TEMPA3|K)e CHD28730
I(COEFT(3,1)+TEMPA3(K|_COEFT(4,'))) CHD78740

C_V=CPVwPHO3(KI/RHOVI I) CHD28750
GO TO II_,ITo]7),JRSW CHD28760

]5 PCAPF = CPV rH_28770
GO TO 18 CHD2BTB0

17 PCAPF=CPV+CPC CHD28790
18 PCApF=PCAPFeDELTAXIIM)QAREAVIK)I'DTAU+I,E-20) (HD28_00

RETURN CHD28810
END CHD28620

\
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PlCKUPw _ _Otw_v SAVF AO r_8_O
L A_,l,q]! SET ADDR TO FTLL rH_?BR40
S,HI A_,PICK1 CHD_8_0

SoHL AOtPICK2 • SET AD_ T_ PICKUP rHO_70

PlC, 3 L A0,$-$ PICKUP CONTENTS ?_n_8e8o
PlrK| S A0,$-$ MOV_ _Hn28890

L AOtw_RK RESTORF AO CH_?eqoo
J 2,_1] RETURN CHD?S9]O

_ORK RFS ] FHD?SOPO

JF_CT_ rHn_So_O
_F_NA_ rHn?_q_

FND • CHn?8_SO
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- FOR PORO,PORh

SUBROUTINE PORC CHD28960

COMMON IPLOCKA/ rH_28970
|ABSORP(]O) tABSC ,ACTENC IACTEN_ ,ACTENV(4tlO), CHD28980

_RSTAR tCCPC(4) ,CCP6(4) ,(HAPPT(Ihl) tCvC(4) , CHD?8_90

_COEFT(_110} ,CONDC _CONDV(IO0) ,(ONST(A,IO) ,COVERX(_O0) 9 CHD_9000

4CPBAR oCPC _CPV(]O0) ,DIFRFC ,UMATER(IO) , CHD290]O
_EFCOLC ,EFCOLS _EFCOLV(a,IOItEMIS(IO) ,EMISC i CHD29020

6HOFM(]O) tHCOM ,HCOMG ,NSUR _AT(]O0) , CH_90_O
?MATOMN tMATMNE t_N iNN oNND , CHD29040
@NNqAVE tNRDIV ,N_ND tNRG_ 9NST t CHD29h =n

qPAPTIN(IO]) ,PHI _OBYRAD ,OCe_B ,OEXTP r CH_29h60

IOGPCOM ,_SUBL ,RECPRO _PEORDC tPEORDS , CHD?90?O
tR,,w..= I .OHhrDY f 1A1 I ,PNNC

3RHOV(}O) ,SABL ISABLC ,SOOT ISDOTC _ CHD29090

4SLOPE(tO) ,TMELT(!O) tTSZ ,TS(205) ,TRCHAR , CHO29100
_WFZ ,WF(205} tXCHAR ,XINIT ,XLEFT(I01} , CHD29110

6XMASS tXMDOTC ,XMDOTD tXMOOTG 9XMDOTL t CHD29120

?XMDOT_ txMDOTS ,XTOTAL ,XVIPG(]O]) ,XZONF CH029130
COMMON/RLOCKC/ CHD_9140

IBLPRES(20_I]) _COMMAX ,CUTOFF ,F(_O_II) t CHD)9ISO

2FLhW(?O_11) ,HCONVI_O,llItlE_RnR ,JUNCT ,L , CHD291_0
3N tNOSECH ,QBACK IOCONV(20,]I)iOGAS(20,1]) t CHD29170

AOMISC ,TIME ,TPRINT ,TWALL(20t]I)*XIWALL(20*11), CHD29180
5XlR(20,11) CHD29190

COMMON /BLOCKJ/ CHD29200
1FLUXII2OOItTEDED(20_ItXFDEPII01}tEDEP(]OII_NTFDFP_ CHD_9?]O
2NXEDEPtITEPEPtEDFLUX(IO_) CHD79220
COMMON /RL_LKKINNI,_COND(205) CH_9230
COM_hNIBLOC_NIC_ORD CH_29260

COMMONIBLOCKRIOIFCI_I,FROCI4_E_DE CH029250. COMMON /CHCOM/ DTAUt IBE(IO)_ IBSllOlt IBSPN, CMD29260

IIGTYPIIO)t IHDN(AI, IM, IZB(3)i IZG(_iIOI_ CHD_9270
21ZGT(_il JRSWt NCSN(]O), NSHLI_)t NSHR(_), CHD2q?80

3NZEN(3)_ NZSNI3)t RHOII3OSIt PHO2(305)t RH03(410), CHD_9290
41 tTEMPA2(2_)_TEMPA_I4?i,TE_PA_(_?) tTEMPAK(2Oq)t CH029_00
K DELXIIOhIiDISTL(IOO)_OUU (IOI,IC_M_ CMD_9_]O
6IYS_LFT_MGtMDUMtNCEN(IO)_NCUT_ND(_)_NLZ_N,SH_SN1, CHO29320
7SCHECK CHD293_0

COMMON /NUCOM/ OXI205),XNHD(205)_NADAI62)_ATA(205), CHO_93_0

IEM(421 CHD_9350
COMMON /DACOM/ Al_2lt CHD_9360

IABVAL _ABVALM_ABVAtStB(_2) tC(_l _ CC(20&ItC_ND{_2}, CHn)9_70
?CON_X iChNDXXe D(421 ,ODI2_)I_FLTXII3]Ii_GA_t_O_ CH_)9_80

_DTAUC tDT&US tDTAUX ,DTFtDT_I_I,_OFXtEDFXX,EMI(_2), CHD_q_90
4ETA_ETAStFHT(42)tFHTXtFHTXX_GAGCtGASltGK_GX_GY_GZ, CHD_9&O0
5HDA(SIIOI_IBSPM_IERR_IGC_IGLtIGLDtIGR_IGRL_IGT_IG2_ CHO29410
6IHYStINEGtlNltlN2tlPtIPLUS_ITERtITERTtIX_IYtlZtJtJBE_ CHD29_20
7JBEMtJBEXtJBNDltJBNO2tJBS,JBSMtJRSP_tJBSPMtJBX*JRXXtJCENt CHD29430
8JCENMtJCSNiJCSNM*.)EIJEIiJE2iJHDNiJHDNI_JLSWtJ_LABtJX,JZ, CHD_9440
qKItLANDIDtLRTtMARKtNADDI62)_NA_WtNBNDST_NBNDI|11), CHD?94_O
1NBSWtNOC,NDCMiNLSWI]OI_NOF_NOTIMEI:tDBSW_NPE1NtNPS_N_N_TSW, CHD_9460
2NRIDtNRIOC_NRSWI|OItNRZ_N_NSLAB(|O)tNSLABH(IO)tNSW_NXSWt CHD29_?O

3NZONtNZONCiONEIPSIiQSAVEIQTOTtQT_TAL,REFCTR,SBK_SDNt CHD29480
_SOOTNtSNStSRAtTARtTAUOUTtTAUSTi3)tTAU_tTAU2,TAH2StTEMPAt CH0_94_0

(
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RT[MOqT( _} _THPFFoT_r eFP,_rX _ xX,XT _Jc( M,x_AvF FHD79_00

ICA_#Nl(20_),CARBN5(20_I,SILCAI(2t_51 ,qll_r A_fSO_),oY_O{_nm),mFPi2q_M_9520

I_),WB_N(20_i,FMWT(2e_I,oQG(_#_) rHD295_0

_POR{205)_P[R4_I'(20_i,PEP_2(?05),vlb_-(?0_},GrON,RHOTS,CAR[S_5!LTS, CH029560

6PORT_PEOTI,PERT2,P_nH.OCOG,DCnPy,bCODP,DC_SI_0COC_DFhN_CFXH,CFXO_CHD29570
7CFxPY_CFxDP.CFXS{,C_XC_,CF_N,_IFF_(?#_) _S_X(2C_) rHOP9&40

B,ALLGAS(PC_)_GRAFl(ph_),GRAF_(PO_,T, PFin(ZO_),_IrCH(_O_},DIFR(2hS)CH_29590

O0VISC m,vl SZ_,AF_F ,_IL IC-,_nvW_U4,w_w_Ah'_W,AN'_W_MW_R_W,CX(&)CH_29&O0

C_I!IVA!.F_{F ( IHON(?),MVBN(I ) ) rH_?g&_h
_IPCNSION TFMPAI(]I CH_P96AC
FOUIVALCNC_ (TF_PAI(ll,T£(I)) CN_29_0

GO TO (]0,20,10)_JRq_ CHD?S 60
10 POR(J)=I.-IRH_I(3)_PNQC)/P_hT£ CMD_9670

_0 TO 3_ _HDP96BO
20 PORIJ)=I.-SILCAI( "/_ILTS-(CAeRNI(J)*GPAFIfJ))/rA_TS CH_96 m0

KAVF=(I.-POR_I/(_.-_CR(J)) CHD2_?IO
_cRM2(JI=HOLD*£_V_ CHD29720

ERMI(J)=PER_TIJ)**p*HC_LD*PERTI*(I.+,DIA*TF_OAI(J'*_l._/(PPG(JI 97_0
]E-15)) CHD297A0

PER_2(J)_PERM2(J)*HOLD_P_PT? CHD2??50
C IN_PT VI_Cn¢ITY nFTC_PINATION CN_29?&O

VI_CIj):VISCO_ITEMPAI_j)/VISChN)_*.? CHD_QT?O
_[TURN CHD29760
END CH_29790
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- n_R PCCF_D,RFC_FD
qUgPOHTINC RFCFFP(I_upg) CHD29R00

C_Mu_N Int_cvAI rH_gRlO
IABSORP(101 ,ABSC ,ACTENC ,ACTFNS ,ACTFNVI4tlO), CHO?gR20
2RSTAR tCCPC(&) _CCPG((.| ,¢ HAPPTII01) _r_C(_) _ CHD_9_0
3COEFT(4P]0) ,CONDC ,ChNDV(100) ,L_NSTIA,_Oi ,C_VEPX(}O0) t CHD29_40
_CPBAR tCPC ,CPV(IO0) ,DIFPFC _U_ATE_IIn) , CHD79850

5EFCOLC ,EFCOL$ ,EFCOLV(A,IO)tF_IS(!01 ,F_ISC , CHD29860

_HOFM(I0} ,HCO_ ,HCOMG ,HSHB ,MATII)G) , CHD_gqT0
7MATOMN p_ATHNF _M_' _NN tNNP , rHD29880

BNN_AVE tNRDIV oNREND 9NPG_ t_IST , rHO29Rq0

OPARTIN(]0]) _DHI ,OBYPAD ,OCh_ ,QEXTR _ rHDTgq00

IOGPCOM _OSUBL _RECPPO _PEOPDC ,PFORDS _ CHD?9@]_

2_EORDVI&_OI_RHOSZ ,RHO%(In_) _RHhCPX(I01) ,PHOC , CHD)9q?0
!RHOV(]0) _SABL ,SABLC ,SDOT ,SDOTC , CHD29930
_SLCPE(IO) _TMELT(]C) ,TSZ ,TS(?_! ,TRCHAR , CHD299A0

5WFZ owF(205} ,XCHAR ,XINIT ,XLEFT(|0]| , CHD_gqs0

6XK_ASS _XHDOTC ,XMD,_TD ,X_hhTG eXMDOTL , CHD29q60
7xMODT_ _XMDOTS ,XTOTAL _XVIRG(]_I) ,XZONE CHD29q70

COMMON IRLOC_C/ CHD79_RO

_RLPRE3(20,|I) ,COu_AX ,CUTnFF trf20_]l! _ CH_PgqO0
pFLOW()0_ll} ,HCONVK?0,II),IEPRhP _JUNCT _L _ CHD_0000

3N _NOSECH ,OBAC_ ,QL_NV(20_]]I,OGAS(20_]I) _ CHD_00]0
_OMISC _TIME ,TPRINT _TWALLI20,111,XIWALL120_11_, • CHD3002O

5XIR(20,]]) CHD_00_0

CO_MONIRLOCKR/DIFCI_I_EROC(_I_rRODF CH_00_0
C CHD_0050

: C CHD_0060
C XMDOTR I_ SPELLED XMODTP IN C_MMRN, WATCH THI_ WHeN CHD_0070
C EXAMINING DUMPS AN_ WHFN CODING, CHD_0080

C CHD30090
C CHD_0]OO

EXTERNAL FRFC CHD_0110
IFIX_DOTGI2_2,_ CH_0120

2 XM_OTG=O. CHD_01_0
DIFREC=O, CHD_0]A0
GO TO 6 CHD_0150
OMG=_LOG(XMDOTG_TWALL(N_L)_.5,(.I2_(|.E_/TW_LL(N_LI)) CHD_0160

]IIBLPRESIN_Ll/2116,2")/2,3026 CHD_0170
DIFREC=DIFCI]I+OeG¢(DIF(I2I+O_G*IDIFC(3!+OMG_DIFC(_)I! CHD_0180
XMDUH=BSTAR_HCONV(N,L} CHD_0|90
XMDOTO=XMDUM-XNDOTG_IFREC CHD_0?O0
IF(XUDOT__I,E-6)|OtlO_2_ rH_0?]0

10 XMDOTL=O, rH_0220
GO TO 30 _H_0230

20 DR=EFCOLC_(_LPRES(N_LIII007?,}_REORDC CHD_02_O
XMDOTR_DR_EXPI-ACT_NC/TE_PA) CHDq0?_0
XMODTR=XMDOTR CHD30_60
!FIY_DOTR-1.E-6}lO_I0_25 CH_30270

25 RDUM=XMDOTD*BSTAR**REORDCIXMDOTR CHD30_80
RDUM=IPHI_HCONVIN_LI+XMDO-GIIXMDnT_ CH_02qO
RK=I,/BDUM CHD_O_O0
CALL ITEPBIRKeREORDC,RDUM,BDU_FREC,I,E-_,II) "CHD_0_10
XMDOTL=XMDOTD_II,-BDUM_RK)/(I,+RK) CHD_03?0

30 DS=EFCOLS*XMDUM*IBLPRESIN,LI/2116,21_(-REORDS ! CHD_0t_O
C

I
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XMOOTS=_*EX_I-ACTFNS/TFHPA) CHO_O_40
TF(XMn_T_-|.E-6;40,_OoSO CH_O_50

40 X_DOTS=O, CHD_O_60
_ XMD_TC=XM_TL+XMDOT_ rHO_O_70

RrTURN _H_I0380

FND CHO_O_90

'!
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c,unP_tlTl_!_ pH_n (v,_[ I r_10&O0

C _I_ THF RHOSB 5U_RCUTINF FINF_S DATA NrFDF_ Ff)R _FNSITv rA_ rlJlATIONC_Hn_0_]O
Pl_rNClnN _FLTAXtI), TF_t_AIlll rH_0&_0
DIMENSION APEACI]),FP_u(|I,nC(I ),PATF(I),oH_A(!),WCD(I ) rHD_0AI0

COMV_ I_LhCKA/ rHn104_0
]ABSORP(]0) ,ABSC ,ACT_IC ,ACTENS ,ACTFNV(_IO), rH_10_50

pBSTAR ,CCPCIA) ,CCPGIG} ,_4APPT(101) ,r_C(_1 , CHD_0A&O
3COEFTI_,IO) ,CONDC ,CONDV(!00) ,(_N_TI4,lf)) ,ChVERW(!C'0! , rPn10_70

AC_RAR ,CPC ,C_V(10_) ,PlF_rr ,'I_ATFP{IO) _ r_O_RO

5EFCOLC ,FFCOLS ,EFCOLV(_,IO),F_IC(!0) ,F_ISC , CI_D_0_90

7_ATQvN ,UATPNF ,_N ,_N ,_ , rHn_0{1_
8NNSAVE ,NRDIV ,NRENn ,NPGC ,NET , CHD_0520

9PARTIN(IOII ,PHI ,OBYRAD ,QCnM_ ,_CXTP , CwDI0510

]OGPCOM ,QSCBL ,RFCn_O ,PEOPDF ,nFQRDS , CHD305_O

_REOPl),,_,]O),RHO_Z ,RHh_(30%) ,PHOCPX{ ]0] ) ,_NOC , (Hn_0fiS0

3PHOV(!01 ,SA_L ,SABLE ,S_hl ,_DOTC , CH_0_60
_SLOPE(]0} ,TMELT(_0) ,TSZ ,TS(_ _} ,TPCHAP , rHD_0_70
5W_Z ,WF{2_) ,XCHA_ ,XIN|T ,XL_FT(]01) , CH_0R_O

6X_ASS ,XMDOTC ,X_D_TD ,XMD_TG ,XMDOTL , CHD_O_Q0
7XMDOTR ,XMDOTS ,XTOTAL ,XVIPG(IO]) ,×ZONE CHD_0_00

COMMON /CHCOM/ DTAU, IBE(10), IBS(IO}, IBSPN, CHD_06]O

]IG_YP(]0), IHON(_), I_, IZB(3), IZGI_,I0), CHD_0620
21ZGT(3), JRSW, NCSN(10), NSHL(I), NSHR(3), C 'D_0630
INZEN(_|, NZSN(3), PH01(_051, RH02I_O_I, RHO_(&I0), CHD_06A0

_I _TEMPA2(2OS)_TEHPA_(_2)tT_MPA_(_2) -TEMPAS(20_), CH_t0650
5 DELX(IOCI,DISTL(100),DU_ (10),ICO _, CHD_0660
61YS,LFT_P_,MDUM,NCEN(10),NCUT,ND(3}_NLZhN,SN,SNI, CHD_0670

7SCHECK C_D!0680
EOUIVALENCE (TEMPAII]),TSI]II,(DELTAX(]),PARTIN;I)) CHD_0690

" EOUIVALFNCE (EMB_(])_PC(]}} ENDS0700EOUIVALENCE (RHO3I|O_I,RH_(_)} CH_0710

FOUIVALFNCE (WFI]}_WFD(!I,RAT_(I|) r_n_O_?_
E_UIV_LENCE (RHO3(307|, PC(II), (RHQI(_OI,ARFAr(I|) CHD_0?_O

ONE = (I,}RHOI(KL)+RHOS(KL))/_, rH_0?_O

ARFAC(K)=O, rHn_07_0
THREE=O, CHD30760

IF (ONE-I,E-]0} 2727,2727_2_20 CHD_0770
2720 CONTINUE CHD_0780

DO _725 J=1,2 CHD_0790
TWO = -EFCOLViJ_II_XP(-ACT_NV(J_II/TFMPA_I_)) rHD_0R00
ARFACIK) = TWO_RHOIIKL)_eREORDVIJ_I)+ARFAC(K) CH_O_IO
THREE.TWO_REORDVIJ_I)_ONE*_(REORDVIJ,II-I,I*THRFE CHDIOR20

2725 CONTINU_ CHD_08_0
2727 CONTINUF CHD_0_0

EMBMIK| • _,-THREE_TAU/2, CHDq08_0
IF fKL-205) 2730_2760_27_0 CHD_0860

2730 RATEIKL)-THREF CH_OR?O
7760 CONTINUE CHD_ORSO

RETURN CHD30890
END .ENDS0900

,
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SU_OUTINF _HIFT1 (NZON$ NLR, INCO_) CM0309_0
CeJee THF SHIFT1SU_OUTtNF INTERPOLATES N_W VALUE_ NFF_FD FOR NOOF eH_0920
C**me IDD|T|_N Tn A Z_N_ CH_Oq_O

DI_qEN_I_N N_N(_} _ DHO4|_0_) CH0_0940
DIUFN_I_N OFLTAX(_I, TFunAI|I) rH_09_0

|ABSORPII0) _ABSC oACTENC _ACTENS oACTENV(_olO)o CHD30970
2BSTAR oCCPC(_) oCCPG(4) +LHARPTIIO|I oCKC(4) _ CH030980
3CO_FT(4+_O) tCONDC tCOhDV|IO0_ t_NST(_,IO) ,COVEPX|IO0) t CHD_O990
_CPBAR tCoC ,COV|!O_) _IFRFC oUMATFR(10) o CH_000
5EFCOLC oEFCOt.S ,EFC_LV[_tlO),EuI_I101 ,EMISC , CHD_1010
6H_F_(_0) tHCO_ ,HCO_G t_Sl_ t_AT(_O0) * CH_|_20
7_T_*_N ,M_TMNF tMN aNN *NNP _ CHD_10t0
_NNSAVE _NRDIV tNREND _NRG_ tNST t CMD_10_0
9PARTIN|101) .PHI oQRY_AO *_CO_P +_XTR _ CHD_1050
IOGPCO_ ,QSU3L ,R_CPRO t_EORDC tRFORDS , CHDII060

2R_ORDV(Gt|0|,RHO_Z ,RHOS(_O _) ,_HOCPX(101) ,RHOC t CHO_|0?0
_PH_V|I0) _SABL ,SABLC ,SD_T tSDOTC o CH0_I080

_St_DF(I01 ,TMELT(lO) ,T_Z ,T5(205) ,TPCHAP t CHn_10q0
_WF_ ,Wr(205! _XCHA_ ,XINTT tXLEFT(1011 t CH_|IO0
6X_ASS ,XMDOTC ,XMD_TD ,XuD_TG ,XMDOTL t CHD_I110

7X_DOTR ,XMD_T$ ,XTOTAL ,XVIPG;101) *_ZONF CHD_II_0
CO_MON/_LOCKC/ _HD3|I30

IBLPRES(_0*II) ,COMMAX ,CUTOFF ,F(20,11! _ CHD_II40
2FLOW(20,]1! tHCONVI?0*ll)_IERROR ,JUNCT tL , CHD_llS0
_N oNOSECH ,QBACK oQCONVI20_I])+OGAS(?O*lt) ¢ CHD_I|60
40M!SC ,TI_E ,TPqlNT ,TWALLI20,II)_XIWALLI2Ot|I;, CH031170
_XlRI20tll) CHD_I|BO

COMMON /CHCO_/ DTAU_ |BEl|Olt IRSllO), IRSPN, CH_llqO
IlGTYP_O), IHDNI_), I_, IZRI3I, IZGI_tlO), CH_1200 -",
2IZGTi3), JRSW, NCSN(IOIo NSHLI3)o NSHR(3I_ CFID31210
_NZEN(3)* NZSN|3)* RHO](_O%}* RHO2I_05}t RHO_(4|0)* CHD_1220 -'"
6I tTEMPA?I2OSI,TEMPA3I_2I,TEMPA4(4?) _TEMPAS(?O_), CH0_1230
5 DELX(IOO),DISTL|IOO)_DU_ (]O)_ICOM+ CHD_1260
6IYS,LFT,MG_DUM_NCEN(IO)oNCUT_ND(3I,NLZnN,SN,SN], CHO_12_O
7_CHrCK CHn_1260
COMMON /N6SCOM/ CHARROtAIRMt CHD31270

ICARBN_I?OS),CARBNS(205I,SILCA](205),SILCAS(205),PYROI?OS),DEP(2OS)CHD_I280

_+HYD|205),AERO|?OS),AERN|205}tBURN(_OS)oWFD(?0_lo WDER|2OSIt_SI(_OCHD_I?90
351tWBRNIpGSI,EMWT_205),PRG(205} CHO31300
_TIMEXISO)_TFTISO),NPTS CHD_I310
5oPOR(2OS),PERMI(2OS)_PERM2(?OS),VISC(2OS)+GCON_RHOTS_CARTS_SILTSo CHD_I_20
6PORl,PERT|*PERT2sDCOH_DCO_tDCOPY_DC_DP,DC_SI_DC_CMtDC_NtCFXH_CFX_oCHD_1330
7CFXPY,CFXDPtCFXSI,CFXCMtCFXNtDIFC_I_OS),SOXf_05) CH_1340
8tALLGASI_)tGRAF1(_05) CHOPIn50

FQUIVALFNCE (IHDN(?ItNH_NIIII cMn_l_60
EQUIVALENCE _RHO3IIO3ItRHO6IIII CHD_I3?0
EOUIVALENCE (TEMPAI(II,TSIIII_IDELTAXIII,PARTIN(]D! CHD11380
EOUIVALFNCE (MNOD,NNP) CMD31390
REAL MARY CHD31_9_
NONF = INCOM CM_I6O0
JHDN = NHDNINZONt "CHD_1610
GO TO (_O_IO),NLR CHD_1620

10 NSHRiNZON) • NONE CNO_I&_0

172

..................... i, _ .......................... IT,..... - + __ -_--- '_ .........,,. i i

I

1969015273-180



C IL! = |ZGT(NZON) CHr_1440
IG = TZ_(NZ_NoIU) rH_I4_O

GO 70 ?_ CHD_|470
20 NSHLiNZ_N) = NONE CHD_1430

tG : tZ_(_,ZON_|! rHn_I4qO
NONr = -NONe I _Hn_]$00
[Gx [G-I cHO_lSlO

22 IF (NONFI 80,80,2t CH_IS20
25 NZ_NX = IGTYP(IGX) CH_1530
30 KHDN - NHDNtNZONX) CHD_I_40
3_ NTWO • _ON_'*JHDN CHD_ISS0

GO TO (LO,40)tNLR rH_l_O
aO IX = IBF IGI+f_WO rHn_i _-

IY - IBS_IGX)+NON_HDN CHn_I
IZ = IB_PN+NCSNIIGX)+NON_ CHD_I_, '
WFD (IXI=WF_ (IY') CHD_1600
WDEPIIX)=WOrP(IY) CHD_16_O
WSI (IXI=WSI (IY) CH_qt_20

WBRN(IXI_WBRN(IY) CH_16_0
FMWT(IXI=EMWT(IY) rHn_16_O
WF IIXI=WFIIY) CHD_Ih_O :
GR_FI(IXI=GRAF_(IY) CH_1660
TFMPAI(IX) = TEMPAI(IY) rH_1_70 "
TE_P42(!XI = TEMPA2(IY) CH_1680 :
TEMPAS(IX) = TEMPAS(IY) CHD_I690
SILCAt(IXI=SILCAI(IY) CHO_IT00CARRNIIIXI=CARBN|(IY) CHD_I_IO

GO TO 60 CHD_172_
_0 IX = IRS[IG) CH_)7_O :

I IY : IBF(IGX) CHDtI?&O
IZ • IBSPN+NCSN(IG) CHD_1750

60 IF (JHDN-KHDN) 65_6_70 CHD_|760
6_ NTHREE = KHDN/JHDN CHD_770 '

DO 67 J=ltNTWO C_;O_1780
IX = XX-I CHD_1790
IY = IY-NTHREE CHD_]R00
WFD (IX)=WFD (IYt CHD_]_!O '
W_F_IIX).WUFPIIY) rHt',3]8?O
W_I llXI-WSI (IY) CHO_18_O
WBRNIIX)_WBRNiIY) CHD_1840
EMWTIIXI,EMWTIIY) CHD_ISSO
WF {|X)=WFIIY) CHD_1860
GRAFt_|XI=GRAFI[IY) CHOPin70
RHOIIIX} • RHOlfIY) CHD_IRRO

" _HO?(IX) - RHO2iIY) CHO_IRQO
SILCA/IIXI-SILCAIIIY) CNO_]_O0
CARRNIIIXI=CARSNt(IY) CHO_l_tO
TEMPAIIIX) • TEMP_:IIY) CND3]920
TEMPA?(IX) • TENPAE(tY) CHOPin30

67 TEMPA_IIXI . TEMPASIIY} CHD_IgAO
GO TO 80 CHDtIgso

70 NTHR£F _ JHDN/_HDN "CH_1960
FIVF • |./FLOATfNTHRFF) rH_1970
_Ntl • 0 CHO_l_gO

(
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7% _NT = _ CHD319q0
7p _N[ : (TF_PA](]Y) -TFvPA_(IY-111*F_VF eHDt2000

TW_ = (T_UPAP(IYI-TF_A?(Iy-1)I_FIV r CH_t20|0
HOL_=(SILC_I | IYI-_ILCAI(|'¢-1) )'F|VF CH_2_0
KAvF=(CAP_NI( |Y)-rAc_NI(TY'I I )'FI Vr ,'H_20_G
GAnY:,W_n (fYl-Nr_ (yY-l_).rTVr rhea2060
HECT:(W_FP(IYI-WP_P{IY-I)I.FIvE C_D_2050
_ARY=(W_I iIYI-WCl (IY-])I._IVr ?HD_2060
CRUZ_(W_N(IY)-Wg_N(IY-1|'_F IV_ CH_2070
CSJAI(_uWT(IYI-FMWT(IY-I)}*rI Vr CHg_2OR0

TI_N_A=(WF(IY)-W_IIY-I))*FIVr ?._D_ZOq0

CINF=(GRAFI(IY)-GR_r](IY-!)}*FIV¢ CHC12100

IF (KNTI v_,7_,7_ rHn_2110
7_ JX = IZ CH_Zi20

GO TO 7& rHD_2130

7_ JX = IY CHD_21_0

75 JY = IY CHD_2150

THREE = (RHOI(JX}-RHOI(IY-]))*FIVE CHD32160
_OUR = (RHO_iJX)-RHO2(IY-1)_'FIV_ CHD_2]70
{)_ 76 J=l_NTHR_F CHD_180

IX = IX-1 CHD_ZIg0
RHOIIIX) = RHOI(JX)-THRFF _Hn_2700
RHO?(IX) = RHGp(JX}-FOI!P CHO_,2210
SILCA](IXI=SILCAI(JY)-HhLn CHn',2220
CARBNIllX)=CARBNI(JY)-S_VE CHD'_2230
TEMPAI(IX) = T_MPAI(JY)-ON_ CHD_2260
TEMDA2(IX) • TcMPA2(JYI-TNO CHD_2250
T_MP_(IX) = TFMPA?IIX) CH_;2_60
WFD (IX)=WFD (JY)-GABY rHrr_2_70

WDEP(IX)=WDEP(JY)-H_CT CHf)q2280
WSI (IXi=WSI (JY)-_aRy CH9"_2290 :
W_RN(IX)=WBRN(JY)-_Pt_Z CH_'_2_00
EMWTIIXI=EMWT(JY)-CAJA CHD_2310
WF(IXI=WF(JY)-_IENDA CHD32320
GRAFI(1XI=GRA_ltJY)-CIN_ CHD_2_0
JX = IX CHD_2_60

76 JY = JX CHD_2_50
VNT = KNT+I _HD_2_60
|Y = IY-1 CHD_2370 -
IF (KNT-KHDN1 72_78,78 CHD_2380

78 |Z = IZ-] CHD323qO
KNTI = KNTI+I CHD_2600
IF (KNTI-NONEt 71,80t80 CHD_2_I0

80 RFTURN PH_t2420
END _HD_26_G
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_ F_P _HICT?ICH|FT_

cUt'OUT INE _HIF_2 r_,Ol2_0C ogee T_F SHIFT2 SURROUTINE DOFS SHIRT O_ VAl'fF_ IN ?_N r(, rH_2_$O
DI_rNSI_N NHDNI!It _HO_:106I rH_12_AO
_I_rNSION DrLTAX(]}, rr_nA](]l r_2470
CO_M_N IALOCK_I rH_T&_O

1Aq_P(IO) tARSC tACTFNC t_CtrN_ ,ArT_NV(&IIfl)_ C_2_QG
?_TA_ _CCPC(6) _CCDGI&I _(HAPDT(IO) t ervC(_) _ CN_2_00

4CPBAR ,CPC ,CPV(]O0) ,DIF_Fr ,_ATFP(:Ol , rHD_2=?O
_EFCOLC ,EFC_LS _EFCOLVI4,1nI,FwlS(}OI ,rw]sr , rHD_"" _0

RNNKAV c _RDIV ,N_CN_ ,'_ :;n ;N_T , r_12_Q
_PART!N(]G_! _P_II _O_YRA_ 1Mg ,n_XTP , r_n_2_P
]QGPCO_ ,OSUBL ,PrCPRh 9Pnr ,PcOP_c , r_2=80
2REOPDVI_.]C)_HOSZ .PHO_(IO¢) .nCnx('ol; ,_HOC . CHD_2_Q0
3RHOV(IO) ,SABL _S_BLC OOT .CDOTC , CHr)12_00

4SLOPE(10) ,T_FLT(]O_ _TSZ _ "=_2(:A) _PCHhP . r_12_10
5WFZ _WF(205) ,XCHAR ,x!_:/T LTT_']Oll . rH_2A2O
6XMASS ,XMDOTC _X_DhfD ,XMD_TG ,:vDn _, _ r_m_2&_O
7XUDOTP _xMDOTS _XTOTAL ,YVI_G(]P]' ,,7nN_ r_r_?_cO
CO_NI_LOCKC/ C_26_0
IRLPPESIPn,I_) ,C_AX ,£UTnFF .F(_,]_) , Cr_P_2F_O
2FLOW(20,)]) ,HCONV(?O,]]I.IERROR ,JUNCT _L _ (_D_2670
3N _NOSECH *OBAC_ ,O_ONVI20*]II,OGAS(20,]l) , CHO_2_BC
4OMISC *TXME ,TPRINT *THALLI?0,I]I,XIWALL(?0,1]I. CHP_26q0
5XIR(20,11| CHD_2700

COMMnN /_HCOM/ DTAU, IBEIIO), IRSiln). IBseN. CWn_2?l_
IIGTYP(IO), IHDN(A), IM, IZBl_), IZG(_,]O). rND_2?2O
21ZGT!3), JRSW, NCSN(]O). NqHLIII, NKHR(!), ¢H_2770
_NZEN(!), NZSNI?), RHOI(_05), RHO2(_O&)I RHO_(4|0I, CHD_21&O

( AI ,TEMPA2(205),TEMPA_(42),TEMPAA(&_) _TE_ASI205}, CHD_2750
5 DELX(100),DISTLI]OOi,DIIM (]0).ICOM, CH_2760
6IYS,LFT_MG*MDUM*NCEN(]OI_NCUT*NDI_I,NLZON*SN*SN]* EHD32770
7SCHECK (HD_2?@0

COMMON /NASCO_/ CHAP_O,AIRM, CH_2790
ICARBNI(205t,CARBNS(205)_SILCAI(2OSI.SILCASIP0_I,PYPe{?OSi.DFP(2e_IrH_2QO0

2_HYD|205),AERO(205I_AERN(2OK),RUPNI?0_I_WFD(_). w_ro(20_).WSI(90_wD12_I0
_¢),WBQN(205)_EMWT(20_I,DPS(20 _} CHP_2_O
4,TIMFXISOI,TFTI50),NPTS CHD_2R_O
5_PORI205I,PERMII205I,PERM2(2OgI,VISCI_O=I,GCON_RHOTS.EARYS.SILTS, CHD328_0
6PORT,PERTI_PERT2_DCOH_DCOO_DCOPY_DCODP,DCOSI_DCOCU_P('ON,CFxH,CFXO,CHD32850
?CFXPY,CF'XDP_CFXSI,CFXC_,CFXN,DIFCOI_O_),S_X(?05) Ck_2960
8,ALLGASI205I_GRAF]I205) CHD_2RT0

E_UIVALFNCE ItHDNI2I,NHPN(_I) CHnt2_0
FQUIVaLFNCE IRHO3(_0_I,RHO_III! rM_2_o0
EQUIVALENCE ITEMPAt(|I,TSIII_tIDFLTAXIIItP_TINIIII CHn_2_O0
EQUIVALENCE (MNOD_NNP_ CHO_2ql0
OO 70 NZON=|_3 rHDIEq20
IF (NSHL(NZONtl 10.60.10 CHD_E9_O

10 JHDN • NHDNINZON! CHD329_0
NONF • NSHLiNZONI_JHDN CH_2OS0
JRS = IZRINZONI+NONF ¢H_l_g60 i
IG • IZGINZON_|) rHff_2q?O

i
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TU = |Z_T|_ZON} rHn_2qBO
|GX = IZ_fNZONtTU} rH_2qqO
JBE = IREIIGX)+NSHR(NZONllJ;'_N CHD33000
|F (N_HL(NZON)) _O,70t_O CHD_30]0

20 JX = JBF CHD33020
J = -1 CHD330_0
GO TO 40 CHD_30_0

30 JX = JB_ CHD_30_0
J = ] CH03_060

40 IY = jX-j _V;_3070
IX = IY-NCNF CHD330BO

DO _0 K=JBSgJBE CHD33090
IX = ]X_J CHD_]]O0
IY = _Y+3 CHD_31]0
TEMPAI(_X) = TFMPAI(IY) rH_3120
TEMPA?(IX) = TFMPA2(IYI CHD_I_0

TFMPA_(IXI = TFMPA¢(IY) CH_33140
SILCAI(IX'-S_LCAI(IY) CHD_3150
CARnNII_X_=CA_RNi{IY) CHD_3|60
WFD (IX)=WFD (I_) CHD_170

w_EP|IXt:WDEPCIY) CHD33]R0
WSI llXI=WSI (IY) CHD_)19C

WBRN(IX)=WBRN(IY) CHD_3200
FMWTIIX)=EMWTIIY) CHD_3210

WF (|X)=WF(IY) rHD_3220

GR_FI(IX)=GRAFI(IY) _H_32_0
RHOI(IX) = RHOI{IY) CHD332_0

50 RHO2(IX) = RHO2(IY! CHD33250
NZSN(NZON) = NZSN(NZON)+NSHL(NZON) CHD332&0
RSHLINZON) =O CHD33270

60 NZENINZON) = NZEN(NZON)+NSH_INZO_] CH_3280
70 NSHR(NZON) = 0 CHD_3290

RETURN CH_OC
: FND _HD33310

f,
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(
- FOR SIC,SIC

ctlPOqlJTI_F " TC (v,_l .Tr_'PA_rL I ?HD_3_?O

C ?HD_33_O

C CHn_3_0

IAS$ORPI]O) ,ABSC tACTENC _ACTEN_ ,ACTENV(_,I_I_ CHD_3_70

2BSTAR ICCPC(_) tCCPG(_) .LHAQPlIIO]I tCKC(_} , CHD_3_80

_COEFT(_.IO} .C_NDC ,CnNDVI]OOI .(_NhT(t_.lO) _ChVEPX(IO0) _ CHD_'}_90
_CP_AR ,CPC .C_VIIOO) ,_IFP_( ,I_AIERII_} , cH_OO

5/FCOLC ,EFCOLS .EFCOLVI_]OI.FvIq(IO) ,EulSC , CH_3_10

_.HCFV(10) ._CO _ .HC_MG ,H_IJ_ ,_'AT(10hi . FH_3_20
7'_A TO_N _ATVN _ ,_N _NN _trIP _ rH_3_O
BNNSAVE _RDIV ,NREND ,NRG_ ,NST _ CHDq3440

_PARTINIIOI) _PHI .OPY_AD ,CCOMR ,rrXlp . CHD_3450
IQGPCC_ ,OSUBL ,RECPRO ,_EOPDC ,RE_PDS _ CHD_3_60
2REOPDVIA_I_},RHCSZ ,RHOS(_O_} _PHOCPX(IOI) .RHOC , CHD_)_70

_PHOV(IO) ,SABL ,SABLC ,SHOT .SD_)TC , C_r.33_BO
4SLOFE(!_) ,T_ELTI_n) ,TSZ ,TSfPn_I ,TPCHAR , CH_3_90

5WFZ _WFI2nS) .XCHAD ,XINIT ,XLFF_I]nl) . rHn_qO_
RXMASS ,XMDOI r ,X_DOTD ,X_D_TG ,XUDPTI , CHD_3_IO
?X_DOTR _X_DOTS .XTOTAL ,XVlPGIlhl) .YZONE CHD_352C

CO_O_/BLOCKC/ CH_335_

2FLOW(20,11) ,HCONVI20,11).IER_OR .JUNCT _L , CHD33550
3N ,NOSECH ,OBACK ,QC_NVI20.III_GAS(20,111 , CHD_3_0

_O_ISC _TIME ,TP_INT .TWALLI?O.II)_XIWALL(20,]]), CHP _C
5XIPi:_h_11) rH_3_n

COMM_' I_LOCKJI ?HD_C

IFLUXI(_OC).TEDEPl20_I,XEDEPIIOII.ED_PlI01I_NTEDEP_ CHD_3_9,3
2NXF_rP_ITEPFP,EDFLUX(|Oh) CH_]O

_" CO_nN IBLOCKKINNI,QCOND(20_) CHP_3h"_

COM_ON/BLOCKN/COORD CHD_3_O
COMMON/BLOCKRIDIFCI_),FPOCI_I,_ROD_ r_3_.'.?

= COMMON ICHCO_l DTAU, IBEIIOI, IRSll0), IBSPN. CHfl_3_._C

IIGTYP(10)_ IHDNIA). Iv , Ite(3), IZ_(_,I?), CHn_6 _
" ?IZGT(_), JRSW_ NCSN(IO), NSHL(_I$ N_HO(_I, CHD_ _

AI _TEyPA21205),TE_A_Ih2),TF_PA_{A2) ,TEMpA_(?O_|_ CHDI"_.C

5 DELXII0_I.DISTLIIOOI.DUN' IIO),ICOM, CHD_3_OO
61YS.LFT,MG_MDUM,NCE_(IO),NCUT.NOI3).NLZON_SN_SNI, CHD_IC
?SCHCCK CHp_3720

-- C*e *_ _IMFNqION STATFMFN_S CHP_',?'?

DIMENSION DELTAX(II,TE_PAl{II CND_)_

: EQUIVALENCE (TE_OAIIII,TS(I_),IDFLTAX(II,_A_TIN{I)t CHD_3760
COMMON INASCOMI CHARRO_AIRM_ CND_3770

ICARBNII2OSI,CARBNSI2OSI,SILCAI(205I,SILLASI205I,PYROI2OSI,DFPI205ICH_$_O
2,HYDI2OSI,AEROI2OS)$AERNI205I_BURNI2OS}_WFD(205}_ WDEP(205I_WSI(2OCNO$$?90

A,TIUFXI_AI,TFTISOI_NPTS CHB_BIO
5,POR(?0S),PERMII205I,PERM2(2OSI,VISCI?OS),GCON_RHOTS,CARTS_SILTS, CMD$_829

6PORTsPERTIsPERT2$DCOHsDCOO,DCOPY,DCODP,DCOSI_DChCM,DCON,CFXH_CFXO$CHD_8_O
?CFXPY,CFXDP_CFXSI,CFXCM,CFXN,DIFCOI?O_),SOXI205I .'_1'1D_38_0
8,ALLGASI205I,GRAFII205I,GRAF51205I,SPEEDI205I,DIFCHI2OS),DIFRI2OS)CHD_|_O

'i
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9;VISCO,VISCONIAr,BF;SILICA,RFO_PMW,D_W,H_WtAOMW_ANMW_SMW,BMWtCX(6)CHD33860
C CHD33870

WSIO?_AF*FXP(-_F/TF_'PA)e{SILCA|{_L)/SILICA)eepFn CH_3RSO

$1LCA=(KLI=S_LCA](KL)-WSIO2*{)TAU CH033890
IF (SILCA_IKL)) _t6t6 CH_3qO0

5 SILCASIKL):O, ¢H_3910
WSIO2_(SILCAI(KL)-SILCA_iKL))/DTAU CHD33920

6 CONTINUF CHD33930
CARBNg(KL)=CARBNI{KL)-WSIO2_DTAU_,2 CHD3_9A0
WSI(KL)=WSIO2*{DELTAX(K}+DEL)*,05 CH0_3950
RETURN CHD_Q60
FN_ CHD33970
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qTr'rr2* N_P r_3gg 0
_[)9" Tllrr_ _n_O00

l an,PIp7 rhea40]0

C A?,0177 CHD_0!O

J DIAG6 -HD_050
STUFF3 +_ .t'O34060

FN_ . CHD_070
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- FC_P _,llR_,c..tln7
cL!_nLIT I Nr _t_n?l?,T.pI t'HR_0R 0

XLN=AL(_G(PI?|]6®2)I2._C2_, CHr)_4090

IF (THFT_-2'_C:,_.} I, I, ;- rH_41iO

] Z -- I. CHD_4]20

GO TO I CHD_I"0

2 Z. = 2,_+.I'TANHITHETAI_P,O.-7. I+._TANHIIHFTA/InnO,.-?.) +TANH(THETACHD_0

lI2_nc',-_,F_) CHD_4]_O

RETURN CHD_I4160

END CH_170

18:)
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- FOP WQ!Tr,W_ITF
SUBROUTINE WRITE CHD_&?20

COMMON /PLOCKA/ rHn_230 •
IABSORR(]O} ,ABSC ,ACTENC ,ACTENS ,ACTENV(4,10), CHDI_2_0

2RS''_R ,CCPC(_} ,LCPG(4) ,CHAPPT{IQll ,F_C(A) , CHD147_0
_CPE::T(_,_0} ,CQNDC ,CQNDV(IO0) ,L_NCT(4,10) ,CqVFPx(In0) , C_4_0

ACPP_R ,CPC ,CRY(IOn] ,_IFQFC ,t_ATFP(10) , rH_7?0

%EFCnLC ,_FCOLS ,E_CnLVI_,'n|,E_IS|I0I ,FuISC , CHDI_280
o_OF_(]O) ,HCD_ ,HCO_G ,HSIJ_ ,_AT(]0h) , CHD_T90
7uA_OMN ,MATMNF ,MN ,NN ,NNP , CHD_00

9_NSAVF ,NRDIV ,NPFND ,NRG_ ,NST , CH_3_310

QPARTIN(101) ,PHI ,ORYOAD ,_C_'_R ,OEXTP , CHD_?0

_OGPCO_ ,GSDBI. ,RECPRO ,PFQPDC ,O_R_S , CHD_4_!O

_PHnV(IOI ,SABL ,SABLC ,SD_T ,£DQTC _ CHD_0
_SLOPE(10} ,TMELT(]0} ,'$Z ,TS{pn_) ,TRCHAR , CHD_0

_FZ ,WF_705) ,XCHAR ,XINIT ,XIEFT(]01) , CHD!_170
6X_ASS ,XMDOTC ,XMDOTD ,XMDOTG ,X_DOTL , CHD_438c

TX,AODTP _xMDOTS ,XTnTAL ,XVIRG(IO]! ,XZONE CHDI_90

cqM_ON/BLOCKB/ CHDI_AO0
IALT : ,_fA _A_FACH ,BETAI20) ,BLCOP(20,II), CHD34_10

2BI. DEN_0,1_}_ ENT(,0,]]I,BLTE_(70,lII,_LV_LI?O,III,_LRN(?O,II} , CHD_20

_BUL'LT -OI_Ti?n,_1) ,FSCO_ ,FSGAu ,LFNGTH(211 , CHD_4A_0
ANCI'.' ,NTEMP ,NTHETA ,NTIMF ,PAMQ , CHnI_A_0

5P'P ,PTOT_L ,OA#R _OSHQUL , CHr)i4AS0
6P(20,I]} ,REFCO_(20,]I) ,REFDEN'?C,I.) , EHD!_a60

7REFENT(70,11) ,REFRN(20,_I),_EFTEM(20,11) , CHDI_?0 .
_EFVIS(20,11} ,RHOA ,RH_VIS ,RNPEPF , CHDI44B0

9PTPAN ,SOFS ,SWEEP ,TH_TA(]]} ,THETSH , rHD_4&90

]TTOTAL ,UA_B ,VISCOS ,X(2_,I_) ,XEO(20,]]) , CHD_500

( 7XIAM8 ,XISP ,XLTRAN ,XUACH ,XY CHD_4_I_
_ATE_P _BLVISI20,11),ZW_LL ,REFPP(70,I_I_H_X CHD_STO
CC :ON /_LOCKC/ CHD_O

JR| cS_0,11) ,C_M_AX ,CUTOFF ,P(?O,_I) , CHP_4_40
2F[._(20,11l ,HCC*_V(;0,III,IER OR _JU_:CT ,L , CHD_4550
_N ,NOSECH ,OBACK ,OLONV(20,||I,OGAS(20,11) , CHD_S&0
_ISC '_TI_E ,TPRI_T ,TWALL(20,11I,XIWALL(20,1]), CHD_70
SXIR(?0,]]} CHr._4_0

rO_AMON /RLOC_/ rH_1_SgO

IALDHA(20O) ,ANB?(200) ,A_RT(2OO) ,AMULT(200) ,AXLD(200) , CHD14_00

2h_TEST ,IAT_OS ,IPR ,I_RINT(20,1Ol , CHD_4610
3IC ,IX ,KK ,NELTN *MEL_L , CH0_4620

_VTEST ,NKK ,NCHA_M ,NMATLU _ CHD3_6_O

5NMA_L ,NMATLD ,NSTRES ,NTBW ,NTIMEI , CHD_46AO

6NTI_E7 ,PRINT ,PUT(2C) ,OBACI200) ,QINCI20) , CHD_650
7QINCR ,O_(2001 ,(,fl_El2n) ,_TARLF(6,2_O) , £Hn_6_0
BPPRINC ,ROINC ,oXINC ,T(70_} ,TPW(700) , CHDq4670

9TE_P(_) ,TNT(70) • ,TQRIBWf?_Ot , CHD_4680 -"

ITSIN(i0)_ ,TT(?00) ,V(200) _X|NC(_0) , CHD_690I

2XINCP _XTI_E(20) ,Z(200! .ZZ(?O0) CHD_4100
CO_ON /FLOCKP/ CHD_7|O

]ASTR{?ur) _AXLDEQ ,CCOMSC(_) ,LC,_NSV(4,]ht,CEHODC(_I _ CHDI_??0
2CE_ODVI_,IOI_CEXPC(_I ,CEXPV(_,I0) ,CLCOEF ,CMWGASI_) _ CI4D3_30

_CTENSC(_) _CTEHSV(_,IOI,GP(205) ,PFRMC ,PIN _ CHD34750 :

.
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7*N_'LAP T CHD_4780
COMM_N/FI_CVG/ CHD_4790

Iq_OLD ,GRWTOT ,OCLD(2,3,]_I *_C_LO ,_CONVT(20,IOItCHD_4RO0
2GGA_T(?_,IOi,OGLD(2_,IP) ,OG_LD ,_MI_CT ,OMOLD CHD_&_10

C_uvqt, /nLNCV%/NNIonr_N_I2e_ t _H_4R_0

C_MUqN /_AC_M/ UPDr_(Rq?!,ITFRT_MA_I7_I,NA_W,=_p_|T (R4) _TAH] CHO_4R40
COM_qN l_,ASC_l _HAPPO,AIRv, CH_4R_0
:C_RN]{2_),CARRN¢(2R_t,_!LCA](205I._!LLA_(2O_;_PYq_t205}_DEP(_O_}CHD?48_O
2,HYD(2OS),_ERC{.?O5}_AERN(2OS),BURN(P05),WFD(205), WDCP(205),WSII20CHD?4870

4,TIuEX(_n),-FT(_O}*NPTF CH_R90

5,POR(20_),PER_](20_I,PER_2(20_I_VISCI2OFI_GCON,RHOTS,CARIS_SILTS_ CHD14900

6PORT*PERT],PERT2,DCOH,DCOO,DCOPY,DC_D_DCOS|,DCOCM,DCON,CFXH_CFXO,CHD14910
7CFXPY,CFXDP,CFXSI_CFXC_,CFXN,DIFCO(2_5),SOX(?O_I CHD_4q20

8,ALLGAS{)05),GRAF|()OSI_GRAFS()h=I,cPEED|?O&) CHD_4q_0
DIMENSION RHOP(I]_XP(]},PRH_A(_)_RHhU(]| CHD_4q60

EOUIVALENCE (RHOS(]Igi,RHOR|]}) , (CHARPY(2|,XRII|! CHD34950

I ,(RHOU(II,RHOSI205|I , (PRHO_(II,XVIRG(II| CHD_4q60
DATA HLAMI/6H LAMINI,HLAM212HARI,HTURB]/6HTURRULI,HTURB213HENT/ CHD_4qT0

C CHD_4q80
C ¢H034990
C PRINT TEMPERATURE| DENSITY, AND GA_ PRESSURE DISTRIBUCHD_5000

C FOR DFTAILED DESIGN CH_50]0

WRITE (6,1000) TAUI,ITERT CHD35020
390 WRITE (3,1015} CHD_50_0

ISPY=I CHD_5040
3_2 CONTINUF rH_5CS0

_0 _?q I=NNP_I_-I CH_5_60
IPLUS=I+?O_ PHD_50?O
IF (I-NPFNDI 403_403t4_5 CHD35080

400 IF (I-NNP| &6Ot4R_t40I CH0_5090
_0I JSU8=192 CHD35100

GO TO 41_ CHD_5110

40_ IF (I_NRGO| _60_660_40_ CHD_51?O
_0_ JSU_=NRDIV_II-NRGO)+I20 CHD_5|_0

410 FNRDIV=_R_IV CH_5140
_X=IXLFFT(II-XLEFTII-])}IFNnDIV YH_I_O

XDU_=XLFFTIII-XLFFT(_I+DX CH_5160
_O 45_ J=],NRDIV CHD151_O
XDUM_XDUM_DX CHD_5180
LT=JSUB-J CHD35190

TDUM=TSILT|-_59®69 _HD_5200
IF(J-I)420,420,430 CHD_5210

420 _HO=RHO_ilPLCS} CHD_5_20
M=I CHD_5230
GO TO 444 CH_5240

4_0 RHO=RHO_(LT_ _HD_5_O
M=I-I CHD_5260

_44 GO TO (445_44_)tISPY CHD_5270
445 CONTINU_ _HD3_80

RHODE=RHO-CA_RNIiLTI-SILCAI(LTI-GRAFI(LT) CHD_5290
WRITE (6tl0lb, M,XDUM,TDUM,OCOND(LTI_RHO_RHgDEtCARBNIILTItGRAF|(LTCHD_5$O0

,' _ )
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(
ll,qlLrAlft T),PPCil I ).r*.'_T(I T},£Pr_(LT) rHnlS110

Gn TO 4_P rH_5_?O
h46 CONTINUe rH_5330

WRITE (6.I022l MtWF(LTI.WFDILI),wDEP(LTItWSI(LTI,#RRNiLI)tAERO(LTICHD_53_0

I_AERN(LTIoHYD(LT).PYRO(LT)oDEP(LT),'_NX(L f),BIJPN(I T)oALLGA_(LT! rHD_350

_50 CONTINUF CH_5360

GO TO 47_ ¢H_70

XDU_=XLFFT(1)-XLFFT(1) CHD35_90

GO TO {_&lo_&2)tISPY rH_5_O0
a61CONTIkUF CH_35410

RHO=RHO=(IPLUS} CHD_5420

RHODE=RHOSIIPLUSI-CARBN](Ii-S!LCA](II-GRAFI(I) CHD_5430
WRITE (&tlOl6) I_XDU_tTPUMtOCOND(1)tRHO_PHODE.CAPBN|(I)=G_AF](It_ CHD_5440
]clLCA_(Ii_PRG (1).F_WT(1)_PEEDII) rH_S_S0

GO TO _6_ CH0_54_0
_6? CONTINUe CH_5_70

WRITE (6_I022! I.WF(II,WFD(1),WDFPIII,WSIIII,WRRN!II,A_RO(1), CHD_5_80
IAERN(!I_HYD(1),PYROII)_DEPII)_SOXII)_HURNII).ALLGAS(I! CHD35490

46_ CONTINUF rHeas500
_70 CONTINUE CHD_S5|O

WRITE (_107|l CH_5_AO
GO TO 392 CHD_5550

1477 CONTINUE rH_360
1000 FORMAT (1HI_6H TIME=FB.?_SX]THTOTAL ITERATIONS=T6//! CHD3_S70
101_ FORMAT(1HO_7X8HDISTANCE]_X9HCONDUCTED7X]8H CHD355R0

- ]35H-DFNSITIFS (LPMIFT3) ............... 2X RHINTFRNAL/_H NODF FR CHD3_90

230HOM BACK TEMP ttEAT FLUXTX28HT_TAL DECOMP CARBONCHD35600 "•_X I7HGRAPHITE SILICA 6x_0HP_EqSUOE MOL WT VFL_CITYIqX CHDtS_IO

_H(INI_X22HIDEG F) IRTUIFT2-SEC)SqX 9HiLBFIFT2I]_XRHIFT/SEC)/! CHD_5620
1016 FORMAT I1H t13_F|0,A_F12,2tFlS,4t2Xt_FlI,6tFl_,_ ,F9._,EI_._) CHD_56_0

"_ 1021FORMAT(IH0,6X=3HGAS FLOW,3X,32H ....... SOURCES &ND _INKS 5XCHD356&0
174H c ....................... CONCENTRATIONS. CHD35650

.: 2........... 115H NODE RATE(L_MIt|2XI411(LBMINODE-SECI_49XI_HILBM/FT3CHD35660

3 VOIO)ITX53HFT2-.SEC) PYRO DEPq SI-C INT C_B OXYGEN CHD_O
4_X27H NITROGEN IIYDROGFN PYRO_6X_4HDFPh_6XIHSIOTX6HBURN&XSHTOTACHD_56B0

_LII rMD35690

END CHD_5710
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- FOR TBqTEOtTRSTFP ,HD_5770
FUNCTION TRSTrn (TAJ1,TIMFIoDSTEP,NPTSI CHDq57_O
DIMFNSIO_ TIM_|III,n_TFPI|) ,Hnq57_O
[=2 _Hn_750

3 IF (|-NPTS) 5tSt4 rH_5?_0
TBqTEP=_T_P(I-1I eH_5770
RETURN CHD_5780

tr fTAU1-TIMrl(I)) _t6,fl eH_57q0
L |=I+l £H_580_

GO TO _ CHO_5810
7 CONTINUF _Hn_5870

TB_TEP=TIMEIIII-TAU1 CHD35_30
TBSTEPmAMINI(TBSTEP_DSTEPiI-1it CflD_SR40
PETU_N ?HO_Se_0
END CHD35860

(')
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/
- FOR OUTPUTtOUTPUT

SUBROUIINF OUTPUT (MTO! CHp_SBTO
COMMON IRLOCKA/ CH_'_SRSO

|ABSORP(IO) ,ABSC .AC.TENC _ACTENS ,ACTENV(4,IO). CHD_5_gG
?BSTAR ,CCPC(4) ,CCPG{4) tCHARPT(|01) ,CKC{_) o CFtD_5900
3COEFT(wtIO) tCONOC ,CONDV(IOOI *LONSTI4t]O} *COVERX(IO0) , CtiD35910
4CPBAR ,CPC _CDV(IO0) *DIFREC ,UMATERIIO) , CMD_5920
5EFCOLC tEFCOLS ,EFCOLVI4tiO)tF;_ISIIO) ,EMISC , CHD_}O
6HOFM(10) tHCGN ,HCOMG tHSUB ,MAT(]O0) t CHD359_0
TMATOHN ,M&TMNE iNN _N ,NNP o rH_gSq'O
8N_SAV[ ,NRDIV ,MR[ND .NRG_ ,NST t CHD_5960
9PARTIN(101) ,PHI tQBYRAD cQCOMB _OEXTR , CHD35970
IOGPCOM ,QSUBL tRECPRO ,REORDC ,R_O_DS , CHD359B0
2REORDV(_,10)tRHOSZ *RHO5(305! *RHOCPXf]01) tRHOC , CHD35qg0
_RHOV(|O) _SABL *SABLC tSOOT ,SDOTC * CHO_6000
_SLOPE(IO) ,T_ELT(IO) .TSZ *TS(_05) ,TRCHAR , CHD!6010
5WFZ oWF(205} ,XCHAR tXINIT tXLEFT(101) , CHDq6_2_
6XMA_S ,XMDOTC ,XMDOTD *XMDOTG ,XMDOTL , CHD360_O
7XMOOTR ,XMDOTS tXTOTAL _XVIRG(10!I ,XZONE CHD_60_O

COMU_N/BLOCKC/ CHD_6050
1BLPRES(20t|I) *COMMAX *CUTOFF tF|20t|I) , CHD_6_60
2FLOW(20.11) *HCUNVITO*I|)*IERR_R tJUNCT *L * CHD_6070
_N *NOSECH *OBACK _OCONV(20*llltOGAS(20_11) * CHD_6080
40_ISC *TIME ._P_INT *TWALLI?O*|II_XIWALL(_O_I1), CHD_6OqO
5XIR(?nt11) rHn_6|O0

COMMON/BLOCKRIO|FC(_ItEROCI6}tERODE CH_||0
COMMON INASCOM/ CHA_RO_AIRMt CH0_6120

ICARBNli205),CARBNS(20S)t$1LCAII205)tSILCASi205)*PYROI205)tDEPi205)CHD36|30

/ 2,HYD(2OS),AERO(2OSI_AERNI2OS),BURN(2OS),WFD(20_), W_EP(2OSItWSI(2OCHD_6_0
.i _),WBRN(PO_tEMWT(2OSI_PRG(20_) CHD_6I_O

• ,TIMEX(_OItTFTISOttNPT$ CHD_6|60
_,POR(205)tPERM](205)tPERM2(2OSI_V|SC(2_|tGCON*RHOTStCARTS_SILTS* CHD36|T0
6PORTtPERTl_PERT2tDCOHtDCOOtDCOPY_DCODPtOCOSI*DCOCM*DCON_CFXH*CFXO_CHD36|80
TCFXPY,CFXOP,CFXSItCFXCMtCFXN,DIFC_(?OS}tSOX(20_) CHO_6190
_*ALLGAS(205itGRAFI¢_OSItGRAFS(20SI*SP[[D(20SItDIFCH(205)*DIFR(20SICHD36200
9_VISCOtVISCONtAF_BF_SILICA_REOtPMW*DMWtHMW*AOMWtANMW_SMMtBMWtCX(6)CHD36_]O
I*OSI_qBRN*QD[P CHD36220

WRITE 16,1049) CHD_62_O
DO 10 I • l,_TO CHD362_0
WRITE (6,1050) I CHD_62_9
WRITE (6,1051) CHD_6?_O
WRITE (6.1052| ACTENV(ItII,ACTENV(It21tEFCOLVII*])*EFCOL_'I_}* CHD36270

1RE_RDVIItl),REORDVil,2) CHD_6280
WRITE _6,1053; HOFM(|) CHD_6290
WRITE(6,lO54) (COEFT(IIJ_*J'II4)*(CONST(IIJI*J'It_) CHD}6300
MRITE(6,|OS5! _MISIIItABSORP!I)tRHOVII}tSL_PE(II CHD_6_IO

|0 CONTINUE CH_36320
_RITE (6,1056) CHP_63t0 ,

WRITE (6,1052l ACTENCtACTENStEFCOLC,EFCOLStREORDCtREORDS CHD_6_SO
WRITE (6t|058) HCOM CHD36360
WRITE (6,1060} HSUB CHD_6370

WRITE (6,I06_) EMISCtABSC,RHOCtTRCHAR CHD_6_80
WRITE (6,1062) CHARRO CHD36390

WRITE (6t1063) CHO_6_O0
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WRITE (6.]06_) (CCPG(JIIJ-It4) CHDt6610
WRITE(6._6_) H_OMG CHD_6620
WRITE (6.I066) CH0_6_30
WRITE{6*I067) CARTStRHOTSoS_LTS CHD_6640
WRITE 6tlO6B) PORTtPERTltPERT2 CHD36_SO
WRITE 6,1_'69) VISCOtVISCON C:_6460
WRITE 6,1¢70) _COCM,DCODPtDCOt_oOCOO_DCOPYtDCOSI CHD36670
WRITE 6riOT1) BSTARt(DIFC(JItJ=It4) CHD_6680
WRITF 6,|072l _SItQ_FP CH_6490
WRITC 6riOT3) BFtAFtREO CHO_6_O0
W_ITE 6ti074) SILICA CH,)_651O
WRITE 6,1075) CX(1)tCX(6I,CX(2)tCX(S),CXi3)tCXI6) CHD36520

_0_9 FORMAT (]HOtIOXt_gHMATERIAL PROPERTIES OF VIRGIN MATER;ALS) CHD_6S30
:0_0 FORMAT (IHO,16XtI|MMATZRIAL ItI_]HI) CH036_60
1051 FORMAT IIHOtSqXIOHFIRST REACt6XIIHSECONO REA_) CHD36550
]052 F_R'JAT [IH ,26Xt28HACTIVATION TEMPE_ATURE,DEG R _6XtF|O,Io6X,F|O,|CHD_6560

I 125Xs25HCOLLISION FREQUENCY,|ISEC o9XtE|_,69E16.6 CHD36570
2/7_Xt16HREACTION ORDERtSOX_F]O.6t6XtFIO.1) CHD_65_O

10_3 FORMAT I1HOt26X.29HHE_T OF DECOMPOSITIONtBTU/LBMtSX_FIOe2) CHD36590
1056 FORMAT (]HOtS_Xt27HSPECIFIC HEATeBTU/LRM-DEG R t7X_lH(ElO._3HI+CHD36600

I(tElO.6t_H)I+itElO.4tTH)Tet2+ItE10°4_SH)Tee3/25X_36HCONDUCTIVITY,BCHD36610
2TU-IN/FTS-S£C-DEG R _IH(EIOe6t3H) _t_H)T+(_EIOe6tTH)Tee2+ItCHD36620
3E10_6t_HlTee_) CflD36630

10S5 FORMAT (IHO_26X,]OHEMISSIVITY_2_X,FIO.412_XISHABSORRTIVII_22Xt CHD_6640
IFIO,6125XISHDENSITY,LBM/FT3_I9XtFIO,712_X3_HTRANSPIRATION FACTOR ICHD36650
2ABL GASFS_ tFlOe6) CH_366_

1056 FORMAT IIHO/IOX31HMATERIAL PROPERTIES OF THE CHARD CHD_6690
I0_7 FORMAT (IHOt_3XtlgHCO_BUSTION REACTIONt3XtI6HCHAR SUBLIMATION) CHD3670C
1058 FORMAT (1HO_26X,26HHEAT OF COMBUSTIONtBTU/LBM,BXtF_O,2) CHO36TlO
1060 FORMAT (1H t26XtS?HHEAT OF SUBLI_ATIONtBTU/LBM®?XcFIOeS) CHD36720
_061 FORMAT (1HOt2_XelOHEMISSIVITYtS_XtF10,4/2_X1?HABSORPT|VITYt22X_ CHD_6T30

1FIO.6/SSX15HDENSITY,LBMIFT_tIgX_FlO.2/Z_X_HT_ANSPIRATION FACTOR (CHD_6760
2CHA_ GA%FS_ tFIOe6) CM_6750

1062 FOR_JPT (1HOt24Xt38HDENSITY OF THE CARBON XN CHAR_LBM/FT3 tFT.2I CHD36760
1083 FOR,_AT 11HO/IOX23H_BLATION GAS PROPERTIES) CHD_6TTO
1066 FORMAT (IHCt26X©2?HSPECIFIC HEATtBTU/LBN-DEG R _TXtlH(EIOe6t3HI_'CHD36780

I(tEIO_6HIT+(tEIOe6_TH)T_+(,E10_6_H_T_) CHD36790
1065 FORMAT (1H _26Xt_OHHEAT 0" GAS COMBUSTIONtBTU/LSMt4X_F1U.2) CHD36100
1065 FORMAT (_HO/lOX15HOTHER CONSTANTS1 CHD_6RIO
1067 FORMAT (IHO_26X36HTHEORETICAL CARBON DENS!TY_LBM/FT_FIO.2/ CHD_6820

I?_X_6HTHEORETICAL VIRGIN DENF_TYtLBM/FT_tFIO,?/ CHD_6830
225Xt36HTHEORETICAL SILICA DENSITYtLBM/FT_tFIO,SI CHD36860

1068 FORMAT (1MO_26X._HREFERENCE POROSITY_I6XtFID,6/ CMD36850
125Xt36HREFERENCE VISCOUS PERMEABILITY_FTStEI_,61 CH_36B60
225X_3SHREFERENCE INERTIAL PERMEABILITY_FT tEI3,6) CHD36870

_069 FeRMAT (1HOt24X_3eHREFERENCE V|SCOSITYtLBM/FT-SECtE16e6/ CHO368BO

l_X_36HREFERENCE TEMPERATURE FOR VISC.tR _F]O.S) CHD3689_
1070 yORMAT (]HOt16Xt_6HSURFACE DIFFUSION CONSTANTtFTS/SEC/ CHD16900

_25Xt1_HCARBON MON_XIDEtlgXtEI_6/ CH_6910
22_Xt3?HDEPOSITION GAS (EXCEPT HYDROGEN)_SXtE|6_/ CHD_6920
_25XtBHNITROGENt26X_EI6.6/ CHDq6_30
425XtBHOXYGEN _26XtE14,6/ CND36960
525Xt7HMETHANE_27XtE14*61 CHD$6950
625X_16H$1L|CON MONOXIDE_|SXtE16,6) CHD36960

1071 FORMAT I1HO125Xt 17HBLOW_HC ;kRAMETER_ITXF|O,6/SSXt CHD369TO
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129HDIFFUSION REDUC11ON PARA_ETEReSXIHIE]0o4e3H)+i,EIGo&,bH)£TA+(o CHD36980
2F|_e4,gH}ETAIe_+ItFIOe4,TH_FT_eI_) CHD_6qg_

1072 FORMAT (2_Xo32HHEAT OF REACTIONs SIO2-CtRTU/LRM,2XFI0,2/ CH0t7000
12_Xt39HHEAT OF REACTION, C DEPOSITION, BTU/LBNoF8o?) CHD370]0

1073 FORMAT (IHOo14Xo32HSILICA-CARBON REACTION CONSTANTS/ CHD3702C
1 25Xt2BHACTIVATION TEMF_RATU_EoDEG R t_X_F10el/ CHD37030
2 25Xo25HCOLLISION FREOUENCYol/SEC *9XtE14,6 CHD37040
_/?SX*14HPEACTION ORDERo20XoF10o6) CHD370_0

1074 FORMAT (IH0o26Xo38HS|LICA DENST T'. IN INITIAL CHAR,LBM/FT3, F8o2) CHD37060
1075 FORMAT (|H0,16Xo36HCARBON DEPOSITION REACTf_N CONSTANTS/ CHO_7070

|]H0,ERX, !?HLOW HYDROGENo6Xol_HH_GH HYDROGFN/ CHD_7_B0
225XolHX,33Xo EI_,_,EI6,6/2SX,IHY_3_XoE14o_,E16,6/25X,lHZ,33X,EI_,6CHD_7090

31E16=6) CHD_7100
RETURN CHDt7_10
END CHD37120
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